D71683 


elelator =- 


IR 112p. (incl. VAT) 


up-to-date electronics for lab and leisure $250 


) 
e opto-electronics: 
automatic display brightness control, 


new displays with a touch of nostalgia, 
light-sensitive devices in theory and practice. 


a 
e versatile sP memory: 
64 K RAM or EPROM on a single board, 


including battery back-up, 
suitable for most 8-bit processors. 


p) 
ealso featuring: 
part 2 of the Prelude preamplifier, 
the ultimate reaction timer, 
digital light meter, 
servotester, - 
and more... : 
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74.8273 60p | 40107 LINEAR ILCs cpu's MEMORIES EPROMS CRYSTALS INTERFACE I 


1802¢ 700p | 2101-4t 2516 100KH, AD5SS 
748279 3p | 40108 AY1-0212 600 MC1496 70p P| 2102-2 ‘4 
74.8283 40p | 40109 AY1-5050  140p MC3340P —120p | 28508 1200 | yong 2708 200KHz ADS61J 
748293 _40p | 40110 AY3-8910  450p MC3401 $008 Yoana ae ites Deenies. 
74L$299  225p | 40114 AY3-8912 650 MC3403 0p | bem 300P | o442 2532 1.008MHz M8131 
74LS323 175p | 4502 AYS-1224A 240 MK50398 —750p | 8805 380P | rat 2732 1.843MHz OP8304 
7atS324—150p | 4503 AYS-40070 520p ML920_ Boop | 8809. 8800 | aysat.o 2716 300nS 2.0MHz 08835 
74LS348 120p | 4507 CA3019 Bop MM57160 620p | UNEA060 —1200P | ano 2732 300nS 2.457MHz 0s8836 
74LS352 8p | 4508 CA3006 70p NES31 150p | poeea ace 4116L-2 ee one 
74LS353 8p | 4510 CA3038 225p NESS ane = 
74LS363 140p | 4511 CA3080E Tap NESS6 oes £19 | N64 4.0MHz MCc1489 
74L8364 140p | 4512 CA3086 48p NES64 cm a2op | 4108 og UARTS 4.19MHz MC3446 
74.8365 30p | 4514 CA3089E_—--225p NES65 0) a60p | Sore AY-3-1015D 300p | 4.43MHz 25810 
748367 4515 CA3090AQ —_-375p NES6E os £16 | 6116-3 AY-5-1013A 300p | 6.0MHz 3242 
7418368 4516 CA3130E 90p NES67 SUPPORT DEVICES| 6116LP-3 Imesoz 450p | 7.0MHz 3245 
ass ‘20 CASIBOE —100p NESEOAA 3220p | 6514 TRve02 | stop | BoM saa 
Pp 6522 6810 
748375 4521 CAZIBIE 1909p ACAI36 6532 pa pee 10.7MHz 75110 
7418377 4526 CA3162E ——-450p RC4151 6551 15.0MHz 75150 
650p | 71301 CHARACTER GEN. | 1gMHi 75154 
74.8378 4527 CA3I89E —--300p S566B 6821 r20p | Jasiee ROT asTsU Ce 7908) ia 
74.390 4528 DAC1408-8 200 SAA1900 «£16 |_ 6850 es % 26.690MHz 75182 
p | 748201 RO-3-2513L.C. 700p} 27 145MHe 75324 
74L$393 4532 HA1388 270p SADI024A 1250p | 6852 370p ARSON 800 
7aL$399 4534 Icv7106 850p SFF96364 8205 2208'|(Saosee | reel 
74L S445 4536 IcLg038 300p SL490 8212 120) 
74L8540 4538 LF13331 310p SN76477 8216 toon | ganar? CRT CONTROLLER 75365 
74LS541 4543 F351 48p SP8515 8224 200p | 748671 com 5037 784612 
74LS640 4553 LF356P 95p TA7205 8228 250p | 748073 Mc6845 MODULATORS = | 75491/2 
7aLS641 4555 moc 425p TAASSO 8251 4320p | gocvas mcee47 6MHz UHF 360p | 2728 
7atsea ‘se0 CMsr0, 0p TeABHI B52 4800 | 25137 a OMHe UHF 4500 | gros 
rassenes | S80 Bip | See eh eed Dd i ast 
74t$00 74.8668 4568 Laie 300p TBABOO 8259 500p | 93446 NERIEAT: bed 
74LS02 74LS669 4569 LM319 225p TBA810 8279 5560p | 9 DECODER 81LS96 
74LS03 74.8670 4572 imsza 45p TBAB20 ze0P10 —-280p | enue KEYBOARD Aah eg | 814597 
7ALS04 4583 LM339 65p TBA9SO ZB0AP10 —300p Lettie ENCODER ‘SAA5030 re] ad 
74LS05 4584 i348 75p TC3109 Zeoctc —_2aop {GENERATOR | ay.s.2376 700p| saasoar —_€16 | 960 
Ure ee ee sa tones ze0si0 72/3 €9|Mcraay gy | 74C922N —S00p | SAABOSO £9 
74LS10 40014 i380 75p TCA940 
7atsi1 40085 LM3B1AN 180 TDA1004A LOW PROFILE DIL SOCKETS BY TEXAS WIRE WRAP SOCKETS BY TEXAS 
7aLsi2 40097 Ligases 95p TOA1008 Bpin 8p 18pin 16p 24pin 24p 8pin 30p 18pin 50p 24pin —70p 
74LS13 14811 LM387 120p TDA1010 14pin 10p 20pin 18p 28pin —26p 14pin 35p 20pin 60p 28pin Op 
74LS14 4000 CMOS 14412 M389 95p TOAI022 16pin Mp 22pin 22p 40pin —30p 16pin 40p 22pin 65p 40pin 100p 
7ALS15 4000 14433 M393 100p TOA1024 
7ALS20 4001 14495, LM394 350p TOA1034B rf JUMPER LEADS: EURO CONNECTORS 
74821 4002 14500 M709 36p TOA1170 24" Ribbon cable with DIP Headers Plug Socket 
741827 4006 14599 M710 50p TOA2002V T4pin 16pin 24pin  40pin DIN 41612 2 * 32-way 350p 
74830 4007 022100 twit Top TDA2020 Single End 145p 165p 240 © 380p. angled 2% 32way ‘400p 
7ALS32 4008 022101 L733 100p TDA2541 Double End 210p 230p —345p = 540p angled 3 x 32-way 
74L$33 4009 co22102 uray 1p TL071/81 2A R/Rbort cats wih sockets (for 2 x 32 way specify a + bor a +c) 
74L837 4010 M747 70p 1LO72/82 20pin 26pin 34pin 40pin DIN41617 31-way 200p 
74L838 4011 tm7a8 35p TLO74 Single End 160p 210p 270p 340p 
7aisa2 4012 Limieas. 700p TLoB4 Double End 290p 385p 490p 540p MIN, D CONNECTORS 
7aLS47 4013 COUNTERS Liig89 350p TLO94 24" Ribbon cable with edge conn, Sway 1Sway 25way 
74L881 4014 740925 §50p | LM2917 200p L170 20 way 34way 40way SOway MALE 
7ALS55. 4015 740928 —_600p | LM3900 S5p UAAI70 SingleEnd 275p $25p 600p 8650p 
741873 4016 ICM72168 2000p | LM3909 95p ULN2003 24°" Cable with 25 way 0 Connector sold BP ite 2 
7ALS74 4017 ICM7217A 850p | LM3911 130p XR2206 Male 500p Female 540p angles p ip 266 
7ALS75, 4018 MK50398N 750p | LM3914 210p ZN414 Ip 1DC CONNECTORS FEMALE 
74.876 4019 ZN1040E — 700p | LM3915 225p ZNAI9C 10 way 20 way 26 way 34 way 40 way solder 125p 190p 2485p 
74.883 4020 LMi3916 225p ZNA24E Header angled 175p 240p © 310p 
7ALS85 4021 TTL &ECL LM19600 1425p ZNA25EB Plug 90p 150p 200p 240p 270p hood (top/ 
74LS86 4022 MC4024 325p | MB3712 200p ZN426E Recep: sideentry) 100p 100p-—100p 
74LS90 4023 4044 325p | MC1310P —*150p ZN427E8 tacle 90p 165p 200p 240p 270p 37 way Centronix Type conn. 
741892 4024 10116 70p | Mc1458 40p ZN1034E p | Edge 
74LS93 4025 10281 350p | MC1495L. 350p ZNIO40E Conn, 250p 320p 380p 560p 
74.896 4026 
74L8107 4027 VOLTAGE REGULATORS TRANSISTORS KEYBOARD EXPERIMENTOR 


74LS109 4028 Fixed Plastic TO-220 
7ALS112 4029 1A tve ve 8C107/8 11p BC557B MJ2955 90p 2N2646 SIICHES BREADBOS EDS 
7ALS113 4030 by 7805 7905 BC109/C 2p, BC558B MJ3001_ 2265p 2N2905A Sq. Switch 50p Exp 300 


74LS114 4031 6 7806 7906 8C140 = 40p- BC559C MJE2955 130p 2N3053 Digitast 75p Exp 325 
i bv 7808 3908 BC141 BcY70 MJE3O5S 100p 2N3054 
Faustas fon tv 7812 7912 8C160 Bcy71/2 MPF102. 40p 2N3056 MiniDigitast 7p Exp 350 


P| Specify Colour Exp 600 
15v 7815 7915. 8C161  40p BD131/2 50p MPF103/4 35p 2N3442 140p Lid Ld 
7aLst24 038 a ae 8c177 80135/6 MPF105 3p 2N3702/3 tap [— 
vy 7824 7924 Pp P 
alates dose 24 BC178/9 80139 MPSA12 50p 2N3704/5_12p | VALVO HUMIDITY SENSOR 
B8C182/L 80140 Tip29A/C 45p 2N3773 300 | BL 39 HR COIL 
74.8132 4038 100mA +ve 8C183/L 802418 TIP30A/C 50p 2N3819 " 22p 
ratsise foa0 Sav fala op face BCoI2/L Sp BrZeas op TRazA/C. 9p MIM ORGANIC GAA 1900 
Pp 
74.8138 4041 16v 7818 30 79L15 BC213/L BF2568 TIP36C  290p VERO BOARD —— VeroWiringPen £3.40 
BC214/L 8F257/8 TIP36C  340p foro Wiring Pen £3. 
yatsias 4003 ST Heh BeeULATORS. Bea?” ep Brass Tpatasc Tap (COPPER CLAD) — Wire Wrapping Too! £4.70 
7atsia7 4044 hives a 8C337 BF337 —_30p_TIPA2A/C B0p 2.5" x 5" 90p —Veropins (100/pkt) 5p. 
7al$148 4045 tszak 5005 vena BC338 BFR96 180p TIP2955 90p 2.5% 3.75" 80p —Spotfacecutter 1.30 
7atsi81 4046 etsy eau acer? BET68 | 200m TiPgos® — 70p MICROBOARD  —Pininsortion Too! £1.80 
748163 4047 78GUIC 78P05 Bc847B Brvs2 ae 3NzI60 Pd Single Eurocard £3.80 
hate re Lit er eENG BC548B BFY90 9p 2N2219A 30p Double Eurocard £5.25 
ratsise 4050 ° aries MIZ601 2280 (2N22224) 308 
74LS187 4051 LOGIC PROBE KIT 
74.8158 4052 OPTO-ELECTRONICS DIODES BRIDGES sons 
74.8160 4053 2N5777 40p ORP6O ey Bro 8 
7418161 4054 ocp71 250p ORP61 


OA91 1A600V 
7atsiez 4055 ORPI2 9p TIL78 On202 2A50V 


74.8164 ro Cero ORTON, INg14 2Atooy 

1LO74 x TILA IN4148 2A400V 
vaeies ace MCT26 oop TILit2 1N4001/2 3a200V 
mae a0e3 MSC2400 190p TIL116 IN4003/4 4ai00v 
74LS170 4066 1N4006/7 4A450V 
74.8173 4067 LEDS iNS401/3 GASOV 
74LS174 4068 0.125" 0.2" 1N5404/7 BA100V. ZENERS Power Supply 1-8A8V 
748175 


4069, TIL32 ‘S5p TIL220 Red 1$920 6A400V © ry 
74.8181 4070 TIL209 Red 1p THL222 Gr yoaroov2o0p | 27V33V °° suitable for the Housekeeper 
74L$190 


4071 TIL212 Ye 26p TIL228 Ye 1wW 15p £7 + £1.10p&p 
wasn ip are MUTED Rey A ae, 
7418192 4073 ee VG, PesmounTinc | JUNIOR COMPUTER KIT £86 plus £1 p &p 
ae bud See | iaats DILRELAYS | All Junior Computer Extension Boards available 
7418195 4077 DL 704 44op NSBS881 SOC 190R co} | JUNIOR COMPUTER BOOK: 1£4 2,3 & 4£4.50 ea (p & p/book 70p) 
mse elas eae ae Ae Te, SC Be terre 
DL 747 Red TW321/2 12v DC 400R coil plus £1 p & pi 
yatseeo 2088 BL 747 Gr wasp TiL30 Soraasw Ge | | TELETEXT DECODER KIT, £85 (plus £1 po) 
748241 4093 Hie ae ie ares . (Decoding Board and Keyboard Elektor Nov. 
7ALS242 4094 FNDSO? 4320p 9368, Aav0c. i Reprint of Teletext atstolee £1.25 (ilu large ol 
74LS243 4095 MAN3640. 1 9370 i 
areas ee Manassa 200» UDNet18 Soae e225 | Junior Computer 2 x 2716 Intelekt Chess ea £8 
7at$247 4098 IMANEGIO? 9008 UONG 85 qube 2708 Basic £8 2716 TV Games £8 
74LS248 4099 200R coil 2716 Tape Management ‘£8 71301 Elekterminal 7 
ren ay OPOTSA24v0C_ | 2716 Prog. Management £8 2716 Disco Lights £8 
* SPECIALOFFER * 9 9 9 
jatsees dot02 124 25.90) “AC £225 | 82593 Interface £5 82523 Freq. Counter (IC3C4) ea £5 
74LS257 40103 2114L-200 100p pitrecoretays | 2716 Housekeeper £8 | 
ed betes ane. Pi §-10v OC coil PCBs for most Elektor Projects available 
vitor roe 2532 400 OSASPOT £2.25 SEE OUR FULL PAGE ADVERT IN THIS ISSUE FOR DETAILS ON 
ACORN ATOM & ZX 81 ACCESSORIES 


$383 


s 


ELEKTERMINAL KIT £50 + 70p p&p 


HOUSEKEEPER 


Full Kit as described in May Elektor 
2N3525 130p ta Sockets for all .C.’s 2K Prog EPROM 


2Na4a4 140p 30p £55 + £1p& 
2N6060/4 4op Be EIB RD 


gegsssagsseageesss 


E 
SESSSSES 


FE 


s8ivesssiess 


S8ssesegss3y 


35558883 
segzegegegesgyssses sss 


3589388833 


95398838883 


Please add VAT at 15° Orders from Government & Educational Institutions welcome. 


Expo nOVATiPoP soy SR Tecunomatic Lrp 


RETAIL SHOPS Shop hours: Mon-Fri9.30-5.30 Sat 10.30-4.30 17 BURNLEY ROAD, LONDON NW10 


SANCLAYCARD 
15 Burnley Rd., London NW10 Gis Credit Cards accepted (2 minutes Dollis Hill tube station, ample street parking) 
305 Edgware Rd., London W2 Tel. 01-452 1500, 01-450 6597. Telex 922800 
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fluorescent displays ....... 0. eee e cece eee e en enee asaya Le 
Fluorescent displays suffered from two main disadvantages: high operating 
voltage and price. Today, however, low-voltage types are available whose 
prices are competitive with those of LCDs. The main advantages of a fluor- 
escent display compared to an LCD are the greater brightness and contrast; 
compared to an LED display, the fluorescent type requires considerably 
less power. 


SOV VO-LOSEGR sca viscaisieichsihirce ssa ate ietorstece’® syeln aie te ween ae a, eran 
(G. Liber) 
LOD iluxnjeter ee ss eases ee mpalToassave yey sus ved Riagaeiemeens mates 


A new and up-to-date measuring instrument, convenient, compact and 
digital: the DLM. It is intended for accurate measurement of illumination, 
in two ranges: 0.1... 200lux and 10... 20,000 lux. Its low current con- 
sumption of only 2...4mA makes the instrument independent of the 
mains and useful for portable applications. 


universal memory card ...........- Diaiecavak visi pitatece ASAT EHO 
This memory card is suitable for most microcomputers with an 8-bit data 
bus and it can accept up to 64K RAM OR EPROM. A combination of 
both types of memory is also possible. If CMOS RAMs are utilised, a back- 
up battery will protect the memory contents for a considerable time, thus 
preventing the data from being lost when the computer is switched off. 


Prelude part 2 . ere iy ? Py 
Prelude, the See in the Elektor’ XL at is Baapina} up nicely! 
Literally, this month: all the modules, switches and controls are mounted 
on the bus board. This means that the final ‘shape’ is now defined. 


technical answers ........ Tacit, ie ESA TG GaN ceca cee ssa 
Dynamic RAM card for ZX 81; Video text without a receiver; ‘interference 
from microprocessors; polyphonic simplification; when is a buzzer not a 
buzzer? 


automatic display dimmer .......... 000 cee ee en eees 
The clarity and legibility of a light- emitting ‘display t is sigoveried by its con- 
trast with the background. There is a direct relationship between bright- 
ness of the background and ambient light, and so a desirable feature is for 
the brightness of the display to adapt itself automatical!y to ambient light 
so that the contrast remains the same, The OPL 100, a monolithic inte- 
grated display-dimmer, has been specially developed for this purpose. 


reaction tester ........e. eee seen eens eee ey 
based on an idea submitted by L. van Bove 


(oy Kod pincensinn g PPC ER BES a als Micranietere Sires Biraroncocninbers 
Light-sensitive devices are fused in all kinds of fascinating applications: 
light-meters, cybernetic models, movement sensors — even optical com- 
munication links. We don’t really like printing ‘theoretical’ or ‘educational’ 
articles. In this case, however, some background information seems long 
overdue. Furthermore, we have two practical circuits to offer: a light gate 
and a distance meter. 


AUIO tratFicilight: coy vce aie 5 elke oi ed GUNN) 6 dhe: e: epeunrianacans eesione 
What has a traffic light got to do with audio? Nothing, really, but this par- 
ticular circuit drives three LEDs, in the colours red, orange (amber!) and 
green. The LEDs indicate the level of the output signal from a preamplifier. 


Market? 9.0 vega, Bester) Gey choncatcR cholo toe Takeda, rte prueuee 
SWITCHBOAKE ecsticeicahyans » o« stalepouwucanen Dfalae iaserties a apedhhntabetiad 
EPS SOmViCO iy ciscisciis vo 8g 0 ROY DS ALCkERCC Uae CECB On OR Buea oc 


BUVERSANS INGER: ci ci aide cae ewe els «HMM RuCH es oe em eoteN 
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3-50 


3-52 


3-56 


3-59 
3-61 
3-72 
3-74 


When you're so used to 
handling black ICs, with the 
odd grey one to relieve the 
monotony, seeing a chip 
embedded in clear plastic 
comes as a surprise. At first 
we thought it was just a 
commercial gimmick, but it 
turned out to be a real 
working device: the OPL 100, 
a light-sensitive display 
dimmer. 
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What is 10 n? 
What is the EPS service? 


What is the TQ service? 
What is a missing link? 


Semiconductor types 
Very often, a large number of 
equivalent semiconductors 
exist with different type num- 
bers, For this reason, ‘abbrevi- 
ated’ type numbers are used in 
Elektor wherever possible: 
‘741’ stand for uA 741, 
LM 741,MC 1741,MIC 741, 
RM 741,SN 72741, etc. 


@ ‘BC 107B’, ‘BC 237B’, 
‘BC 547B’ all refer to the 
same ‘family’ of almost 
identical better-quality 
silicon transistors, In 
general, any other mem- 
ber of the same family can 
be used instead, 


BC 107 (-8, -9) families: 

BC 107 (-8,-9), BC 147 (-8,-9), 
BC 207 (-8,-9), BC 237 (-8,-9), 
BC 317 (-8, 9),BC 347 (-8,-9), 
BC 547 (-8,-9),BC 171 (-2,-3), 
BC 182 (.3/-4); BC 382 (-3,-4)' 
BC 437 (-8,-9),BC 414 


BC 177 (-8,-9) families: 

BC 177 (-8,-9), BC 157 (-8,-9), 
BC 204 (-5,-6), BC 307 (8,9), 
BC 320 (-1,-2),BC 350 (-1,-2), 
BC 557 (-8,-9), BC 251 (-2,-3), 
BC 212 (-3, 4),BC 512 (-3,-4), 
BC 261 (-2,-3), BC 416, 


Resistors and capacitor values 
When giving component 
values, decimal points and 


large numbers of zeros are 
avoided wherever possible. 
The decimal points is usually 
replaced by one of the fol- 
lowing abbreviations: 

p (pico-) = 
n_ (nano-) 
B (micro-) 
m (milli-) 
k_ (kilo-) 
M (mega-) 
G (giga-) = 
A few examples: 

Resistance value 2k7: 2700 2. 
Resistance value 470: 470 2. 
Capacitance value 4p7: 4,7 pF 
or 0.000 0000000047F... 
Capacitance value 10 n: this is 
the international way of 
writing 10,000 pF or .01 uF, 
since 1 n is 10” farads or 
1000 pF; 

Resistors are % Watt 5% carbon 
types, unless otherwise speci- 
fied. The DC working voltage 


of capacitors (other than 
electrolytics) is normally 
assumed to be at least 60 V. 
As a rule of thumb, a safe 
value is usually approximately 
twice the DC-supply voltage, 


Test voltages 

The DC test voltages shown 

are mesured with a 20 kQ/V 
instrument, unless otherwise 
specified. 


U, not V 

The international letter 
symbol ‘U’ for voltage is often 
used instead of the ambiguous 
‘V'. 'V' is normally reserved 
for ‘volts’, For instance: 

Ub = 10 V, not Vp = 10 V, 


Mains voltages 

No mains (power line) volt- 
ages are listed in Elektor cir- 
cuits, It is assumed that our 
readers know what voltage is 
standard in their part of the 
world! 

Readers in countries that use 
60 Hz should note that 
Elektor circuits are designed 
for 50 Hz operation, This will 
not normally be a problem; 
however, in cases where the 
mains frequency is used for 
synchronisation some modi- 
fication may be required, 


Technical services to readers 

@ EPS service. Many Elektor 
articles include a lay-out for a 
printed circuit board. Some — 
but not all — of these boards 
are available ready-etched and 
predrilled, The ‘EPS print 
service’ in the current issue 
always gives a complete list 

of available boards, 

@ Technical queries. Members 
of the technical staff are avail- 
able to answer technical 
queries (relating to articles 
published in Elektor) by tele- 
phone on Monday's from 
13,30 to 16,15, Letters with 
technical queries should be 
addressed to: Dept, TO. 
Please enclose a stamped, self 
addressed envelope; readers 
outside U,K. please enclose 

an IRC instead of stamps. 

© Missing link. Any important 
modifications to, additions to, 
improvements to or corrections 
in Elektor circuits are generally 
listed under the heading 
‘Missing Link’ at the earliest 
opportunity, 
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GOO Micro Computer All 


Please phone for availability 


BBC Model B £399 
(incl VAT Carr £8 


Model A to Model B Upgrade Kit £50 
Fitting Charge £ 15 
Partial Upgrades also available. 


SECOND PROCESSOR 6502 
SECOND PROCESSOR Z80 
TELETEXT ADAPTOR.. 
PRESTEL ADAPTOR 


OFFICIAL @HO@ DEALER 


ACORN WORD 
PROCESSOR ‘VIEW’ £ 52 


mating Connectors with Cables in 
stock, Full range of ACORNSOFT, 
PROGRAM POWER & BUGBYTE SOFT- 
WARE AVAILABLE 

Phone or send for our BBC leaflet 


BBC FLOPPY DISC DRIVES 

FD Interface £95 Installation £ 20 
Single Drive 5%'"100K £235+£6 carr. 
Dual drive5%"" 800K £799+£8 carr. 


BBC COMPATIBLE DRIVES 

These are drives with TEAC FD50 mech- 

anism and are complete with power supply 

SINGLE: 100K £ 190; 200K £ 260; 
400K £340 

: 200 K £ 360; 400 K £ 490; 
800K £610 


£170 


DUAL 


NEW LOW 
PRICES 


NEC PC 8023BC. 


100CPS, 80 cols 

Logic Seeking, 

Bidirectional, 

Forward and 

Reverse Line Feed, 

Proportional 

Spacing, Auto 

Underline, Hi-Res 

and Block Graphics, Greek Char. Sét. 


Only £320 
+£8carr 


PRINTERS 


EPSON MX 80 and 100F/T3 
MX80 80CPS 80cols 
MX 100 100CPS 136 cols 
Logic Seeking, 
Bi-directional, Bit Image 
Printing, 9x9 Matrix 
Auto Underline 


MX80F/T3 £320 


MX100F/T3 £430 
(£ 8 Carr/Printer) 


SEIKOSHA 
GP 100A 


80 cols 30 CPS Full 
ASCII & Graphics 
10” wide paper 


Now only £175 


+ £6 carr. Ask for 
details on GP250A 


VARIETY OF PRINTER INTERFACES IN STOCK 
RIBBONS FOR PRINTERS 


PRINTER ACCESSORIES 


2,000 fan fold papers with 
perforated margin... 


£15 + £3.50 carr. 


GP 100A 
EPSON MX80 
NEC PC8035 


DRAGON 32K 

*HI-LORes Graphics 

*REAL TIME CLOCK 
*COLOUR *SOUND 

*PRINTER PORT 

Only £173 + £4 carr. 

Please phone to check avail- 
ability Wide range of Software 
in Stock. 


AMPHENOL 
CONNECTORS 
37 way Centronix Type £5.50 


(IDC or Solder Type) 
25 way IEEE Type £5.50 


MICRODOCTOR 


This is not a logic 
analyser or an oscillo- 
scope. It tests a micro- 
system and gives a 
printed reprint on 

RAM, ROM and 1/0 —7 
it will print memory 
map, search for 

code, check 

dataline shorts 

and operates 

peripherals 

Microdoctor complete with PSU, printer, proble cable and 
two configuration board 


UV ERASERS 

UV1B upto G6Eproms .... 
UV140upto14Eproms .. 
UV1T with Timer 

UV 141 with Timer 

(Carr £ 2/eraser) 


All erasers 
* are fitted 
* with mains 
+ ‘switches and 
+ safety inter- 
locks. 


MICROTIMER (HOUSEKEEPER) 

6502 Based Programmable clock timer with 

* 224 switching times/week cycle 

* 24 hour 7 day timer 

* 4 independent switch outputs directly interfacing to 
thyristor/triacs 

*6 digit 7 seg. display to indicate real time, ON/OFF and 

Reset times 
* Output to drive day of week switch and status LEDs. 


Full details on request. Price for kit £57.00 


SOFTY II INTELLIGENT PROGRAMMER 


The complete micro processor development system for Engineers and 
Hobbyists. You can develop programs, debug, verify and commit to 
EPROMS or use in host computer by using softy as a romulator, Powerful 
editing facilities permit bytes, blocks of bytes changed, deleted or inserted 
and memory contents can be observed on ordinary TV. 

Accepts most +5 V EPROMS 


Softy 1 complete with PSU, TV Lead and Romulator lead . £169 


RUGBY ATOMIC CLOCK 


This Z80 micro controlled clock/calendar receives coded time data from 
NPL. Rugby. The clock never needs to be reset. The facilities include 8 in- 
dependent alarms and for each alarm there is a choice of melody or alter- 
natively these can be used for electrical switching. A separate timer allows 
recording of up to 240 lap times without interrupting the count. Expan- 
sion facilities provided. 

Complete Kit 

Ready Built Unit 

Reprint of ETI articles at £ 1.00 + s.a.e. 


ACORN ATOM 


Basic Built 
Expanded 
(carr £ 3/unit) 


Atom Disc Pack £ 299 + £6 carr 
3A 5 V Regulated PSU 
£ 26+ £2 carr 


Full Range of Atomsoft in stock. 
Phone or send for our Atom list. 


£120 +£2.00 carr. 
£145 +£5.00carr. 


MONITORS 

BMC BM1401 14" Colour Monitor 
RGB Input 18MHz Bandwidth 

£ 240+ £8 carr 

HI RES 12” Green Monitor 
Antiglare screen £99 + £6 carr 
MICROVITEC 1431 M/S 14” 
Colour monitor RGB input 

£ 269+ £8 carr 

RGB Lead for BMC £ 8 
Composite Videolead £ 3.50 


SEE OUR INSIDE FRONT COVER PAGE ADVERTISEMENT FOR COMPONENT PRICES 


Tecunomatic Litp 


17 BURNLEY ROAD, LONDON NW10 1ED 


PLEASE ADD 40p p&p & 15% VAT 
(Export: no VAT, p&p at Cost) 
Orders from Government Depts. & Colleges etc. welcome. 


BURNLEY ROAD, LONDON NW10 
1500, 01-450 6597. Telex: 922800) 
305 EDGWARE ROAD, LONDON W2 


Detailed Price List on request 
Stock items are normally by return of post 
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SOUTHERN TECHNICAL SYSTEMS 


UNDERLYN FARM, MAIDSTONE ROAD, MARDEN, KENT TN12 9BE 


Telephone: (0622) 831022 


STS TRANSFORMERS 


High quality at budget prices. Similar to RS range. 
Auto transformers 

500 VA 110 V secondary portable 

500 VA 240 V secondary portable 


6 VA pcb mounting 

3 VA pcb mounting 

All the above transformers are available with 6 V, 
9V, 12V, 15 V or 20V dual secondary windings. 
Trade orders welcomed. Prices include postage. 
OPTO ELECTRONICS 

7 Segment displays. 

Hewlett-Packard HP 5082-7653 0.43” 

common cathode 70p each/6 for £ 3.50 


for your coples of Elektor 


THE ELEKTOR 
CASSETTE BINDER 


This cassette style binder will help to keep 
your copies of Elektor clean and in 
order, even though you refer to them 
time and time again. The cham- 


fered corner of the cassette allows Pee 
instant recognition of each | 
month's issue without the need we 


to thumb through pages of pre- 
vious months’ issues. Because 

no wires or fastenings are used 

copies can be easily removed and 
replaced and each cassette will hold 
one year’s volume of Elektor. Their smart 
appearance will look good on any laboratory 
shelf. 


3-08 


Texas TIL 722 miniature 0.3” 
common cathode 


DIODES 


37p each/6 for £ 2.00, 


10 for 45p/100 for £ 4.00 
... 10 for 35p/100 for £ 3.50 
10 for 50p/100 for £ 4.50 

10p each/10 for 90p 


LEDs 3 mm green 

ICs 

ULN 2004 AN 

CD 4011 BE 

CD 4040 BE 

Ceramic resonator 455A 
Resistor network 220 Q or 680 2 
dil pack containing 7 


TRANSISTORS 


DIL switch sub miniature 4 way 

type DNS-04-S 

Resistors 1/8 watt 10 or more values mixed 
total 1000 resistors 


All prices are excluding VAT at 15%. Add 50p for 
postage and packing for small items. 

Please telephone for trade quotations. Large stocks 
available. Telephone Maidstone (0622) 831022. 


PRICE £2.90 
inc, postage & packing 


available from — 
Elektor Publishers Limited, 
10 Longport, 

Canterbury, 

Kent CT1 1PE. 

please use the order card in this issue. 
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DVM/ULTRA SENSITIVE 
THERMOMETER KIT 


MINI KITS 


HOME LIGHTING KITS JJ 3NOTEDOORCHIME Jd 


Those kits contain all necessary components and full 
instructions & are designed to replace a standard wall 
switch and control up to 300w. of lighting 


TOR300K Remote Control £14.30 
Transmitter for above £ 4.20, 


Touchdimmer £7.00 


Extension kit for 2-way 
switching for TD300k” £ 2.00 
£3.50 


Rotary Controlled 
Dimmer 


HOME CONTROL CENTRE 


This New Remote Control Kit enables you to 
control up to 16 different appliances any- 


MK1 TEMPERATURE 
CONTROLLER/THERMOSTAT 
Uses LM3911 IC to sense tempera- 
ture (80°C max.) and triac to switch 
heater. 1KW. £4.00 
MK2 Solid State Relay 

fc¢ switching motors, lights, 

tc. from logic. Opto- 
isolated with zero voltage switching. 
Supplied without triac 2.66 
MK3 BAR/DOT DISPLAY 
Displays an analogue voltage on a 
linear 10 element 
bar or single dot. Ideal 
meters, love tors, etc. May be 
stacked to obtain 20 to 100 element 
splays. Requires 5-20V supply. 


board, a 


switch 


enabling the te 
closure to be maintained to within 
0.5°C, Max. load 3KW_ 5 
MKS MAINS TIMER 

ed on the ZN1034E Timer IC this 
i ill switch a mains load on (or off) 
for a prosot time from 20 mins. to 35 
hrs. Longer or shorter periods may 
be ‘realised by minor component 
changes. Max. load 1KW. £4.50 


Based on the SAB0600 IC the kit is supplied with all 
components, 


instructions, Requires only a PP3 9V battery and push- 
to complete. 
BEGINNERS. Order as XK102 


Based on ZN414 IC, kit includes PCB, wound aerial 

crystal earpiece and all components to make a sensitive 
miniature radio. Size: 5.5 x 2.7 x 2cms. Requires PP3 
9V battery. IDEAL FOR BEGINNERS. 


This new design is based on 
the ICL7126 (a lower power 
version of the ICL7106 chip) 
and a 31/2 digit liquid crystal 


including loudspeaker, printed circuit 
pre-drilled box (95 x 71 x 35mm) and full 


AN IDEAL PROJECT FOR 


£5.00 


as lay. This kit will form the 
is of a digital multimeter 


(on ly a few additional resistors and switches 
Is supplied), or a sensitive 
to +150°C) 


are required—det: 
digital thermometer (~50°C 
reading to 0.1°C. The basic kit ha: 

of 200mvV f 
automatic polarity indication and an ul 


XK113 MW RADIO KIT 


£5.00 


typical battery life from a 
when used 8 hours a day, 7 days a week, 


Price £15.50 
DISCO LIGHTING KITS 


DL 1000K 
This value-for-money kit fea 
tures a bidirectional se: 
quence, speed of sequence 
and frequency of direction 
change, being variable by means of poten. 
tiometers and incorpurates a master dim 


ming contol. B44 BO 


COMPONENT PACKS 
650 Resistors 47 ohm to 10 Mohm — 10 per 
value £4.00 
40 x_16V Electrolytic Capacitors 10yF to 
1000uF — 5 per value £3.25 
60 Polyester Capacitors 0.01 to 1uF/250V — 
5 per value £5.65 
45 Sub-miniature Presets 100 ohm to 1 Mohm 
— Sper value £2.90 
0 Low Profile IC Sockets 8, 14 and 16 — pin 
— 10 of each £2.40 


| scale reading, 


low power requirement—giving a 2 year 
ndard SV PP3 


25 Red LEDs (mm dia,) £1.25 


Have you got our FREE ORANGE CATALOGUE yet? 
NO?! Send S.A.E. 6” x 9’ TODAY!! 

It's packed with details of all our KITS plus large range 
of SEMICONDUCTORS including CMOS, LS TTL, 
linear, microprocessors and memories, full range of 

LEDs, capacitors, resistors, hardware, relays, switches 

etc. We also stock VERO and Antex products as well 

as books from Texas Instruments, Babani and Elektor. 
ALL AT VERY COMPETITIVE PRICES. 


ORDERING IS EVEN EASIER — JUST RING 
THE NUMBER YOU CAN'T FORGET FOR 
PRICES YOU CAN'T RESIST. 
four button transmitter, complete 


5-6-7 8-9-10 as 


and give us your Access or Barclaycard No. Answering ptoisolated solid K for inter 
ing, the receiver i 
or write enclosing cheque or postal order. A oro 


service evngs' with all our full ineteuetion are supplied. 
' ONLY £23.75 
Official orders accepted from schools, etc & weekends 
LCD 3% DIGIT MULTIMETER 


REMOTE CONTROL KITS 
16 ranges including DC voltage (200 mv-1000v) and R 


MK6 SIMPLE INFRA RED TRANSMITTE! 
AC voltage, DC current (200 mA-10A) and resist g Pulsed.intra red source complete with hand-held plastic box. Requires a 9V battory. 
ance (0-2 M) + NPN & PNP transistor gain and 


£4.20 
BIR? RACEA RED RCEIV! ER BoM 
jingle channel, range approx, 20ft. Mains powered with a triac output te jitch loads to 500W 
diode check. Input impedance 10M. Size 155 x 4 ae tRCSC al Price for KARO Ona ALT Seats 
88 x Simm. Requires PP3SV battery; £09.00 


(RC5OOK ~Special Price for MK6 and MK7 together £12.50 
est leads included. 


at 240V ac. £9.00: 
MK8 CODED INFRA RED TRANSMITTER 
THE MULTI-PURPOSE TIMER HAS ARRIVED 


Based on the SL490, the kit includes all components to make a coded transmitter and ony 
Now you can run your central heating, lighting, hi-fi system and lots 


taguires a SV (PF) batty and Keybotrd. 8x 2x 1.3ems 
MK10 16-WAY KEYBOARD 

MKB ond MK18 to gonorato 16 diffrent codes for decoding by the ML.928 or ML.926 
more with just one programmable timer. At your selection it is 
designed to control four mains outputs independently, switching on 
and off at pro-sot times over a 7 day cycle, 0.9. to control your central 
heating (including differnt switching times for weekends), just 
connect it to your system programme and set it and forget it—the 
clock will do tho rest. 


FEATURES INCLUDE:- 
0.5" LED 12 hour display. 
Day of weak, am/pm and output status indicators, 
hed mains outputs. 


where in the house from the comfort of your 
armchair. The transmitter injects coded 
pulses into the mains wiring which are 
received by receiver modules connected to 
the same mains supply and used to switch on 
the appliance addressed. Receivers are 
addressed by means of a 16-way keyboard, 
followed by an on or off command. Since 
pushing buttons can become rather boring, 
the transmitter also includes a computer 
interface so you can programme your favour- 
ite micro to switch lights, heating, electric 
blanket, make your coffee in the morning. 
etc., without rewiring your house. JUS 

THINK OF THE POSSIBILITIES. The KIT 
includes all PCBs and components for one 
transmitter and two receivers, plus a drilled 
box for the transmitter. 

Order as XK112, £42.00 


Additional Reclevers XK111 £10.00 


DLZ100K 

‘A lower cost version of the above, teaturing 
undirectional channel sequence with speed 
variable by means of a pre-set pot. Outputs 
switched only at mains zero crossing points 
to reduce radio interference to a minimum: 


ty £8.00 
ight 
ae 60p 

DL3000K 


This 3 channel sound to light kit features 
ze10 voltage switching, automatic level con 
trol and built in mic. No connections to 
speaker or amp required. No knobs to adjust 
— simply connect to mains supply and 


lamps: (1Kw channel) Qnty £11.95 


Optional opto input DLAI 
Allowing audio ") 


“OPEN-SESAME” 


‘The XK103is a general purpose infra-red trans- 
mitter/receiver with one momentary (normally 
‘open) relay contact and two latched transistor 
output. Designed primarily for controlling 


ELECTRONIC LOCK KIT XK101 
This KIT contains a purpose designed lock IC, 
10-way keyboard, PCBs and all components 
to construct a Digital Lock, requiring a 4-key 
sequence to open and providing over 5000 
different combinations. The open sequence 
may be easily changed by means of a pre- 
wired plug. Size: 7 x 6 x 3 cms. Supply: 5V to 
15 V dic, at 40UA, Ouput: 750mMA max. 
Hundreds of uses for doors and garages, car 
anti-theft device, electronic equipment, etc. 
Will drive most relays direct. Full instructions 


supplied: ONLY £10.50 


Electric lock mechanism for use with latch 
locks and above kit 
£13.50 


im the home for switching lights, 
curtains, ete. Ideal for aged or di 
persons, 

‘he Kit comprises a mains powered r 


MK11 10-Channel +3 Analogue o/p IR Receiver 
Based on ML922 decoder IC. Functions include on/standby output, toggle, control of volum 
tone and lamp brightness, Incluc 's own mains supply. £12. 
M12 16-CHANNEL IR RECEIVER 
For uso with MKB kit with 16 on/off outputs, which with further interface circuitry, such as relays 
or triacs, will switch up to 16 items of equipment on or off remotely. Latched or momentary out- 
ts ~ please specify whon ordering. Includas its own mains supply. £11.95 
IK13 11-WAY KEYBOARD For use with MKB, MK18 and MK11 kits £4.35 
MK16 Mains Powored IR Transmitter 
Maine powered for continuous operation - single channel, for applications such as burglar 
tomatic door openers, etc. Range approx 4 
M17 42V de. IR RECEIVER ge appreret ee 
Por uso with MK6 or MII. Rolay output with OP 3 Amp change-over contacts, may be used as 
7 . latched, momentary or "break beam receiver, Oporates from 8-13V de. £9.50 
Battery beckup saves stored programmas and continues 
‘coping during power feilures. (Battery not supplied). 
+ Dioploy blanking during power failure to conserve battery power. 
18 programme time sets. 
Powerful “Evoryday” function enabling output 
h every day but use only ono timo set. 
* function-turns on output for one hour. 
Direct switch control enabling output to be turned on 
immediately or after a specified time interval. 
20 function keypad for programme entry. 
Programme verification atthe touch of @ button. 


(Kit includes all components, PCB, assembly 
and programming instructions). ORDER AS CT5000 


For a detailed booklet on 
remote control — send us 30p 


and S.A.E. (6” x 9’’) today. 


hing No. trac supplied. £2.60 


Conprigs ‘sold state relays and latch for use with momentary 
version of the MK12. 2 output triacs required (not supplied), £4.50 


24 HOUR CLOCK/APPLIANCE TIMER KIT 


Switches any appliance up to 1kW 
‘on and off at present times once per 
day. Kit contains: AY-5-1230 IC, 
LED display, mains supply, 
play drivers, switches, LEDs, 
triacs, PCBs and full instructions. 


CT1000K Basic Kit .. 
CT1000K with whi 
(Ready Built)... 


Add 55p postage & packing +15% VAT to total. 
Overseas Customers; 
Add £2.50 (Europe), £6.00 (elsewhere) for p&p. 
Send S.A.E. for further STOCK DETAILS. 
Goods by return subject to availability. 


OPE 9am to Spm (Mon to Fri) 


10am to 4pm (Sat) 
CAR 
PARK } 


TEL: 01-567 8910 ORDERS 
01-579 9794 ENQUIRIES 
01-579 2842 TECHNICAL arrer 3pm 


PRICES 
EXCLUDE VAT 


LT GARAGE 


ELECTRONICS 


lay NOLSO8 


11 Boston Road 
London W7 3SJ 


.. 
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ie) e Shop opening hours 
i TERMS OF BUSINESS — Professional quality electronic components brand new and fully guaranteed. Mail 
EMMINGS ElecTRONics Lid wzisttriei3in rms oc susness riley anton snr pun ro iy gar 
5 - Wed Closed TRONICS LTD. Access or Barclaycard available using our 24 hour answerphone service. Monthly Crodit Ac- 
Electronic Components & Microcomputers os counts available on request to government and educational authorities. Industrial customers wishing to open 8 


Credit account are required to furnish a bank reference and two trade references. Postage and packing add 45p 
DEPT. EK, 16 BRAND STREET, HITCHIN toall orders under £10. All prices are exclusive of VAT. Please add 15% to total including p&p. No VAT on ex- 


HERTS,SG51JE Telephone: (0462) 33031 Port orders or books. 


MEMORIES 
2114 80p 
210p 
380p 


Ed 
‘3 


741 14 pin 
7418 


BESSRESEE Ses 285S88 
R 


3. 
susgeasrssskyssagy 


gSbERES 
e8 


338 
as 


bs 
sas 


Bg 


75492 

AY-3-10150 
AY-5-1013A, 
mc1408 


EEE 
S388 


A 


ZBOACTC 300p 
ZB0ADART 


segs 


TB8A4800 175p 
‘TBA540Q 130p 


9% 
149p 
UPC1167  158p 
UPC2002C 286p 
UPO7002 "450p 
ZN414-— 100p 


VOLTAGE 
REGULATORS 
+Ve 


SFossysuyyyysyyserssuysse sss sss eSsszsvsussussssegusecscseay 
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aneiee 2N4922 


BRBSBRVSTTTSSSS 


gasugesseesgessssssaaass 


Seeeesesy 


2N4921 


LIQUID CRYSTAL 
DISPLAY MODULES 


PCIM177 Frequency Counter 
& Digits, 0.35” 

FM, SW, MW, MHz, KHz 
Annunciators 

Sample and Hold Capability 
Reset Capability 

26 Seloctablo IF Offsets 
Proscaler Available 
Incandescent Backlighting 
Supply Voltage 5v 
Operating Current 4mA 


£18.85 
PCIM176 Digital Moter Module 
3} Digit: og" 
“+, = and Decimal Point 
200mY Full Scale Input 
True Difforential Inp\ 
Guarantoed Reading 
Single 9v Operation 
Power Consumption 20mW 
Accuracy 0.15%, +/= 1 Count 
Temperature Orift 8Oppm/C 
Low Battery Indicator 
Incandescont Backlighting 


£22. 
Modulos are supplied with Data 
Shoot. 


‘FIBRE OPTIC 


POLYMER CABLE 
‘A.10m coll of 1mm core optical 
fibre cable sheathed in black 


ALFAC ETCH 
RESIST TRANSFERS 


Make your own Printed Circuit 
Boards with our PCB transfers 


© Draw your artwork on 0.1" grid 


Transfer to copper board 
using carbon paper 


ing ay 
© Burnish the Alfac transfers to 


the bosrd using a spatula using 
carbon marks to assist in accur 
alignment 


@ Using Aifac chemical eraser to 


correct mistakes 

© Etch in Ferric Chloride 
£0900/1" 0.1" Edge Connector 
EC902/1 0.156" 
EC940 0.016" Lines 


. fends 
0.0317 30°,45°,60° 


0.061” 30°,45°,60° 
0.063" Pads 


TO-5 Transistor Pads 
IC Pads 
IC Pads with tracks 
between pads 
5 identical shoots in sealed 
Individual shoots 
Spatula ARS for bumishing 
Alfac knife 
Sparo Blades (pack of 10) 
Alfac Erasor 
Alfac Precision Grids 
Polyester film, matt finish 
Q.14mvm thickness, 20 tines/in, 


4 
Double Sided Fibreglass Board 
1/16" thickness, 1oz Copper 
By x 4" 

5* x 8” 

GO FORTH AND 
MULTIPLY 

much quicker with the 
JUPITER ACE 

available ex stock 


dge Connector 


LIGHT EMITTING 
DIODES (LED) 


3mm Red TIL209 
3mm Green LO37C 
Panol Clip 
3mm Chrome Bezel 
5mm Red CQY40L 
5mm Green, Yellow 
Panol Clip 
‘5mm Chrome Bozo! 
‘5mm Square Red 
Groen, Yellow 
Tri-colour VB1BP 
Red Flashing COXx21 
Hz at BV 


INFRARED 
TIL32 Emitter 
TIL38 Emittor 
TIL78 Phototransistor 
TIL100 Photodiode 


EPSON MX80F/T TYPE 
PRINTER 


‘80 Characters per Second 
Friction and Tractor Food 

High Resolution 960 Dots/Line 
Auto Undorlini 

Subscripts 


SESE § FSBSsgs8e9s 


Secuticor £8 
VIC-20 COLOUR 
COMPUTER 


© SPECIAL OFFER @ 
VIC-20 Colour Computer 
C2N Cassotte Unit 


Demonstration Tape 
10 Blank Cassettes 
VIC Computing Magazine 


£205 inc VAT 
COMMODORE Ca] 


64K RAM, 26K ROM 

26 Lines of 40 Characters 

16 Colours, 612 x 256 Graphics 

Options — VIC Peripherals 
Alternative Languages 
Second Procossor 
KEYNET Network 


S8SeSseuzysgassessesssessagasssenyssyeeuesulsaserssezuneguegs 


(E567 
$N76023 1890p 


. £299 
TA7205A_125p £89.95 inc VAT Securicor £6 


geeszzs yee gggagne sessege ees 
Ee 


polyethylene for protection eq gg 


Mail to: 
ELEKTOR PUBLISHERS., ELEKTOR HOUSE, 
10 LONGPORT, CANTERBURY. CT1 1PE. 


Please attach magazine label here, list new address 
below, and mail six to eight weeks before you move. 
If you are receiving duplicate copies of Elektor, 
please send both labels. Or if you have a question 
about your subscription attach label here and clip 
this form to your letter. 


—~! 


Surname 


Initials 


Street/Ave./ 


ash -s Town 
My 
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TOSHIBA DOUBLE SIDED/DOUBLE 
DENSITY 5¥,” DISK DRIVES 


These are high quality, very reliable, industry standard 
disk drives. These can be used as single sided/single 
density, double sided/double density or double sided/ 
double ‘density depending on the host computer disk 
interface. Compatible with most micro-computers ¢.g. 
VIDEO GENOE, ATOM, TRS 80, BBC COMPUTER, 
SUPER BRAIN, NASCOM elc, etc. If used as double 
sided/double density then the storage capacity is 3.5 
MAGABITS/DRIVE (unformatted), track density is 48 
TPI and can daisy chain up to 4 drives. 90 day warranty. 
One disk drive only £179 + VAT = £205.85 
Two disk drives : £349 + VAT = £401.35 
Single boxed wi iy£214 + VAT = £246.10 
Dual boxed with power supply £389 + VAT = £447.35 
2 Drive Cable + £15 + Vi 17.25 
DS/DD 48 TP! diskettes. :£2.50 + VAT = £2.88 


MITSUBISHI 
Double sided/double density 
Double Tracks 1/,” Disk Drives 


This is the latest addition to our range of disk 
drives, The capacity is 1 MAGA BYTES (un- 
formatted) per drive, the track density is 96TPI 
Track to track access time is 3msec. These are 
compatible with Shugar! SA460 (ANSI standard 
interface). Compatible with BBC COMPUTER, 
ATOM, NASCOM and lots of other computers. 
One disk drive only £219 + VAT 

Two disk drives .. £429 + VA 

Single boxed with power supply.....£249 + VA\ 5. 
Dual boxed with power supplya..,....£459 + VAT = £527.85 
DS/DD 96TPI diskette: 3.95 + VAT = £4.54 each 


@ GREEN MONITOR 12” green monitors with com- 
posite and sync input. Suitable for most computers 
Hitachi MM1216 £89 + VAT = £102.35 
SM12H 18MHz monitor ... £89 + VAT = £102.35 
SM12N 15MHz monitor ... £69+VAT=£ 79.35 


¢ COLOUR MONITORS 14" colour monitors, RGB or 
composite and sync input 
SCM14N Normal-res 400 dots. 
SCM14M Medium-res 600 dots 
SCM14H High-res 800 dots .. 


. £199 + VAT 
.£339 + VAT 
£499 + VAT 


TI99/4A SOFTWARE 


SOLID STATE SOFTWARE MODULES * 
I-Invaders. £15 
‘ideo Games 1... 


28 + VAT = £32.20 

[£28 + VAT = £32.20 

*Mini memory vee + £60 + VAT = £69.00 
*PARSEC i (please telephone) 


ADDITIONAL ADVENTURE PROGRAMS * 
(Use with Adevnture Module) 

*Adventure Land. 
*Mission Impossit 
(Voodoo Cast 
“The Count. 
*Strange Odysse\ 
‘Mystery Fun House. 
*Pyramid Fun Hous 
*Ghost Town. 
*Savage Islan 
*Golden Voyage . 

‘A lot more 


£22 + VAT = £25.30 
. £18 + VAT = £20.70 
le. S.A.E. for list. 


AKHTER INSTRUMENTS LTD. 


DEPT. EK, UNIT 19, ARLINGHYDE ESTATE, SOUTH ROAD, HARLOW, ESSEX, UK CM20 2BZ 


TEL: HARLOW (0279) 412639 


©O@G microcomputer 


£348 + VAT = £399 

. £389 + VAT = £446 

. . £409 + VAT = £469 
. £450 + VAT = £516 
£230 + VAT = £264 


BBC Microcomputer Model B . 
Model 8 + Econet Interface . - 

Model B + Disk Interface .. . . 
Model B + Econet + Disk Interfaces . 
Single disk drive (100K) 

Torch Dual Disc Drive (800K) with 28 
of RAM and CPN operating system 
Parallel printer cable ; 
Games Paddles (per pair)... 


£779 + VAT = £895 
. £ 12+ VAT =£103 
£11 + VAT = £12.65 


SOFTWARE FOR BBC COMPUTER 

Desk Diary (Two programmes).. 

Algebraic manipulation package H 

BBC Peeko Computer. . £8. £9.95 
BBC FORTH language . £14.50 + VAT = £16.67 
BBC LISP language. . £14.50 + VAT = £16.67 
BBC word processing package.. £52 + VAT = £59.80 
Printer Driver Cass £8.65 + VAT = £9.95 


TEXAS INSTRUMENTS 
TI99/4A 16 BIT 

HOME COMPUTER 
SYSTEM 


TI99/4A 


ence munAs WARS ELSE ELL! 
This microcomputer is based on TMS9900 16 bit microprocessor. 
It includes 16K RAM, 16 colour high resolution graphic (192x256). 
The screen display is 32 characters, 24 lines TI-BASIC. Full size 
keyboard. For Software there are about 1000 Programs to choose 
from. There are a lot of peripherals available e.g. Disk Drives, Disk 
Interface, Speech Synthesizer, Extra RAM. Additional Languages 
(PASCAL, Tl-LOGO, ASSEMBLER). Prices: T! Home Computer 
£149.95; Peripheral Expansion System £134.95; Disk Controller 
Card £124.95; Disk Drive £199.95; Speach Synthesiser £41.95. 
All prices inclusive of VAT. Please send large SAE for full price list. 


GUARANTEED LOWEST PRICES 


t on the market, If you 


We guarantee that our prices are the low 
can find any item advertised and in stock at 
will match that price. 


em 


MX80 F/T-3 

80 column, 80 CPS, super and subscripts, auto under- 
lining, tractor feed, 32 print fonts. Bi-directional printing, 
logic seeking, 9 x 9 matrix, high res. graphics, centronic 
parallel interface, tractor or friction paper feed. FREE 500 
sheets of paper ........++ .. Price: £325 + VAT = £373.75 


MX 100-3 

136 columns, 100 CPS, all other features of MX80 plus 
true descenders, adjustable paper'width up to 15 inches, 
friction or tractor feed, centronic parallel interface. 
Price: £429 + VAT = £493.35 


SEIKOSHA GP SERIES PRINTERS 
WITH HIGH RES. GRAPHICS 


GP-100A 50 CPS, 80 column, Hi- 
Tes graphic line repeat function, ad- 
justable up to 10" paper width, tractor 
feed, 5x7 dot matrix 
GP-100A centronic parallel interlace 
£189 + VAT = £217.35 
GP-250X New 50 CPS, 80 column, tractor feed, true descenders, 64 user 
defined characters, double height and/or double width characters, 5x8 dot 
matrix, parallel and serial (RS232) interface. 
GP-250 . £239 + VAT = £274.85 


TELEX: 995801 - A18 
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CORDLESS PHONES 
Not licensible in UK 


Prices from £79.35 
inc. VAT for the 
| model shown on the 
left. 


LONG RANGE TELEPHONE 


This is a long range (2-5 miles) cordless extension 
phone with intercom facility between portable hand set 
and the base station, You can receive all incoming calls 
and dial out to anywhere in the world from the hand set 
from any location within 5 mile radius of your home or 
office. The maximum range is achieved by using roof top 
optional antenna (not included). 

Long range extension phone.. £249 + VAT = £286.35 
Optional rooftop antenna. £45 + VAT = £51.75 


MEDIUM RANGE TELEPHONE 


Similar specifications to the above model but with 
operational range of % mile to 2% miles (with rooftop 
antenna) 

Medium range extension phone£189 + VAT = £217.35 
Optional rooftop antenna... £ 45+VAT=£ 51.75 


SHORT RANGE TELEPHONE 


This is a short range cordless telephone for use within 
the house or from the garden. You can receive and 
make calls from the hand set. Range approx. 600 feet 
Short range telephone... £69 + VAT = £79.35 


40 MILE RANGE CAR TELEPHONE 


This mobile telephone fits into your car and enables you 
to receive and make calls to anywhere in the world from 
within 40 mile radius of your home or office (use rooftop 
antenna, 

Car telephone ... 


SILENT ALARM/POCKET PAGER 


£1195 + VAT = £1374.25 


This is an individually coaed 4 WATTS Radio trans- 
mitter and pocket pager receiver. The alarm system has 
connectors for door contacts and vibration sensors. 2 
vibration sensors are included. It has a range of 2 miles 
Ideal for protection of vehicle or properly. Power require- 
ments for transmitter is 12V de, Not licensible in UK 
Price, . £78 + VAT = £89.70 


OKI MICROLINE PRINTERS 


MICROLINE 80 

Fatures: 80 columns, 80 CPS, friction and 
pin feed. Unidirectional block graphics. 
Centronics parallel interface. 
Price.,............. £189 + VAT = £217.35 
MICROLINE 82A 

FeaturesL 80 columns, CPS, friction and 
pin feed, bidirectional printing, parallel and 
serial (1200 bauds) interface. 

Price... - £329 + VAT = £378.35 


FAST 100 CPS NEC 8023 PRINTER 


—— 


This is a high speed printer using bi-direc- 
tional logic seeking operation, 7x9 matrix 
for alphanumerics, 8x8 for graphics and 
bit image printing. Programmable paper 
feed, original plus three copies, Greek 
characters and high resolution graphics. 
The print quality is exceptional, and the 
price is affordable. 

Price........ £299 + VAT = £343.85 


ORDERING INFORMATION All orders which accompany a 
cheque or cash are CARRIAGE FREE (UK only). On all other orders a 
carriage charge of 3% of invoice total is applicable. 
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Up-to-date electronics 
for lab and leisure 


If you experienced difficulty in obtaining this 
magazine take this form along to your 
newsagent and ask him to reserve a copy for 


you each month. 
To the newsagent: 


If you experienced difficulty in fulfilling our 
customers order, contact our distributors: 


Seymour Press, 334 Brixton Road, 


London SW9 7AG. 
Surname 


Initials 


Street/Ave./Blv 


Town 


County/Province/State 


REGULATORS 

78PO55V10ATO3 .... . £3.50 
LM317T Plastic TO220 Variable £ 1.00 
7805/12/15/24 at 40; 
7905/12/15/24 . 


POWER TRANSISTORS 
2N3055C 

2N3055 Tested/ex eat, 
MJE 2955 equiv. . . 
TIP35C 

TIP142/147.,. . 

TO3 socket 


DISPLAYS 
Futaba 4 digit clock fluorescent display 
FLT-02-81 £1.50 


display 9-CT-O1-3L.. . . 

LCD Clock display... 

Large LCD 4 digit display . 

7 seg. 0.3" comm. cathode display 50p 


misc. 
Tok Key Switch 
2 pole 3 keys, ideal for alarms . £3.00 
Heat Shrink pack. ........ £1.50 
PTFE Sleeving pack/asstd. 
colours. . . . £1.00 
Thermal cut-out 50°C or 85°C 50p 
Fan cooled Heat Sink for 10 TO3 
Transistors/ex eqpt. . . £ 12,00 (£ 1.50) 
Stereo Cassette Deck 
top loading £ 5,00 (£ 1.00) 
Stereo Cass. Head R/P . . . £2.50 
Mono Head ........ + £1,00 
Erase Head. . & + 80p 
10m7 Ceramic Filter . 60p 100/E 20.00, 
Vero Pins fit 0.1" Vero... . 100/50p 
Double sided PCB Pins. . 100/50p 
TO3 Bushes+Washers + 100/£ 2.50 
T0220 Bush+Washer. .. . . 100/£ 2.00 
UHF Modulator Tuned CH36. . £2.00 
TRW RF Power Transistor 
‘Helicopter’ type... . « 
Min, Toggle Sw. 1pc/o . 
2pe/o... 

Standard Toggle 2 pole . . 
Screw Terms. 6 A 250 V 
D.I.L. Switch 5 pole 
4 pole Earth Leakage Trip 
40 mA Trip .. 

12 V DC Brushless Fan 

2%" sq. x 2" deep, quiet 
IEC Moulded Mains Lead 6 A. 
Chassis Plug 4 
2 pole Relay Changeover 
3 pole Relay Changeover .. . . 
(Both 240 V AC Coils) 
Mercury Tilt Switch, small 


DIODES 

1N4151 sim. 4148 100/£ 1.25 
1N4148 . - 100/£ 1.50 
183740 Ge . 100/£ 1.00 
1N4004 1 A 300 V : 100/£ 3.00 


TRANSFORMERS 
6OV5A 


11,6-0-11,5 200 VA 

Charger/50c/s Invertor 

Transformer £5.00 (£ 1.00) 
6V+6V3VA... . £1.25 
16.0-15V6VA ...... £1.50 
12.0-12V 100mA..... £1.00 


4mm SOCKETS 

black, blue, yellow, white . 

Mixed Resistors + Zeners + 
i 250 for £ 1.00 


. 100/£ 4.00 


Klippon Terminal Block 
EKS 12/4 12way 20amp.... 35p 


Potentiometers - short spindle 

2k5 10k 2m LIN 5 for £1.00 
50n Disc 10V 100/£1.00 1000/£ 5.00 
100 n Ceramic in Diode Package 

Mounts between 0.3" centres 100/£ 2.50 


MIN. ORDER £2.50 


CONNECTORS 
‘D' Connectors 9 way . . 
(Exeqpt. 15 way 
Price per pair) 25 way 

37 way 


Amphenol 36 way plug + skt . . 
(Centronics) 

0.1” double sided 

32 way, ideal 2X81 

SCRs 

2NG6399A 600 V 10 A 

BTX 95800 V15A . 

35 A 800 V Stud . . . 


TRIACS 

702204 A400V .. 

2800 8 A 400 V Pp 
25 A 800 V ex eqpt. tested £ 1.25 


RECTIFIERS 

120 V 35 A Stud . winery A0p 

SAMOOV carcasses 12 for £1.00 

3 . 6 for £1.00 
00 V Bridge . 


100 V Bridge 
00 V Bridge 


All vented — suitable for fast charging 
Button Cell Block 

12V90mA/H .... .. £3,00 
Can be cut down to make PP3 recharge- 
able 


POLYESTER/POLYCARB CAPS 
10n AX 

15n RAD10mm . 
22nRAD10Omm ... 
47n RAD 10 mm 

145 P/CARB 15 mm RAD. 00 
2u2 400 V P/CARB AX . . 100/£ 15,00 
2u2 160 V RAD 23mm. . 100/£ 10,00 


BEAD THERMISTORS . »  6Op 
Glass Bead NTC Res. @ 20°C 
250R 1k2, 4k5, 50 k, 220 k, 1m4 


OP. AMPS 
CA 741 TOS Metal 
LM 318 30 V/uS: 


PHOTO DEVICES 

2N5777 (Photo Darlington) . 

TIL81 (TO18 Photo Transistor). 
TIL38 Infra Red LED . . . 

OP12252 Opto Isolator 

Photo Diode 

MEL12 Arhatss Darlingion, base o/c) 
RPY58 LDR 5 


MULTI-TURN PRESETS 
10R, 20R, 100R, 200R, 500R 
2k, 22k, 50k, 100k, 200k . 


0.3 2 25W H/Sink Bair 

BU 500A 

BUSOBA ... 

TBA331 Equiv. CA3046 . 

SN 72558 Equiv. 1458 - 

Dual 7418pin ..... 

60-40 18g Solder 250 g 

IC Skts Bpin .. 12 for £1.00 

14+ 16pin . 10 for £1.00 

18+ 20pin . 7 for £1.00 
224+ 24+ 28pin....  25p 
40 pin oe 30p 

Trimmer Capacitors, small 

green 3>28 pF 

yellow 2->16 pF 

Solid State Switch ex eqpt. 

10A 250V AC 

control 8 > 28 V DC 


VARIAC 0270 V 12 A uncased £20 


6 for 50p 


OFFICIAL ORDERS WELCOME 


UNIVERSITIES - COLLEGES : SCHOOLS - GOVT. DEPARTMENTS 


Post code/Zip/Area code 
1 


P & P AS SHOWN IN BRACKETS (HEAVY ITEMS) 
50p OTHERWISE (LIGHT ITEMS) 


Count 


ADD 15% VAT TO TOTAL 


KEYTRONICS 


332 LEY STREET. ILFORD. ESSEX 
Shop open Mon. — Sat. 10am — 2pm 


TELEPHONE 553 1863 


li 
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Some of the TELOMAN 


TOOL PALLET FOR 
| SPANNERS ( PRICES ON APPLICATION) 


> 


TOOLROLL £8.95 inc. VAT P&P £1.00 
MEASURES 23x13! WHEN OPEN. MADE FROM PVC. 
IT CAN HOLD UP TO 30 TOOLS AND HAS 3 POCKETS. 


SIZE TL100 19"'x 14x 6” 


| SALES PRESENTERS £7.48 inc. VAT P&P £1.50 
IT CONTAINS 3 DOCUMENT POCKETS 4 RING BINDER 
| BOARD CLIP WITH QUICK RELEASE. SIZE A4 


TL99 17"x 12" x 6" £39.90 


THE TL100 HAS BEEN DESIGNED FOR THE PROFESSIONAL ELECTRONICS, TV 
OR INSTRUMENT TECHNICIAN WHO NEEDS TO CARRY A LARGE NUMBER OF 
SPECIALIST TOOLS, CONSTRUCTED FROM HARD WEARING ABS WITH STRONG 
ALUMINIUM FRAMES, TWIN HANDLES AND TOGGLE LOCKS. A MOULDED TRAY 
IN THE BASE, A COMPREHENSIVE 2 SIDED TOOL PALLET THAT IS REVERSIBLE 
WITH SPACE FOR OVER 40 TOOLS. THERE IS SPACE FOR DOCUMENTS AND A 
HEAT SINK FOR A HOT SOLDERING IRON TO PREVENT ANY DAMAGE BEING 
CAUSED, 

ALSO AVAILABLE IS THE TL99 WHICH IS A SMALLER VERSION OF THE TL100. 


TLW4 TOOLWALLET MEASURES 11''x14"'x2%"' WHEN CLOSED. MADE FROM 
REINFORCED PVC WITH A HEAVY DUTY INDUSTRIAL ZIP. 
DISCOUNT STRUCTURE FOR MULTIPLE USERS ONLY 
@ CUSTOM MADE TOOL PALLETS ( ONLY FOR LONG RUNS } 
TOOLS WILL BE REQUIRED FOR MEASURING 
BUT WILL BE RETURNED. 


Please send 
! Name. TL 100/ TL99 P&P £2.60 extra) 
I Company ] 
Address | 
ELK3 yXEN( 
) 
Tools NOT included. British’ made. oO 
(Money back guarantee. Allow 7-21 days for delivery. =r Teleman Products Ltd 


“Wychwood ' 2 Abbots Ripton Rd, Sapley, Cambs. PE17 2LA 
Tel: (0480) 65534 
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I-PAK BARGAINS 


5121 SCREWDRIVER SET 

b precision screwdrivers in hinged plasti. 

case Ses - 08 14.224 
29and38mm £1.75 


513) NUT DRIVER SET 
4 precision nut davers in hinged plastic case 
Wh wining roa 
£1.75 
§ 3.35 4 4 band 5mm 


511 TOOL SET 

5 precision instruments in hinged plastic case 
Crosspoint (Philly e 

HQana H 1 Hex key wrenc 

1h 2and2 smm £4.75 


o1o) WRENCH SET 


4 precision wrenches in hinged plastic case 
Sves - 4.45 4 5hand6mm £1.75 


BUY ALL FOUR SEIS 4121 £151 and get 
HEX KEY SET FREE us) 
HEX KEY SET ON RING _—— 
Sues 152253 ——) 
45.5 Sand 6mm 

Made ot haroened steel 

HX/) £1.25 


SIREN ALARM MODULE 


American Police type screamer powered 
from any 12 volt supply into 4 or 8 ohm 
speaker. Ideal for car burglar alarm, |. 
freezer breakdown and other security |i 
purposes. 5 watt, 12v max. 


= £3.85 


Order No. 
BP124. 


DESOLDER KIT 

Kil comprises ORDER NO SX80 

1 High Quality 40 watt General Purpose 
Lightweight Soldering tron 240v mains incl 
3/16 (4 7mm) bit 

1 Quality Desoldering pump High Suction with 
automatic ejection Knutled. ante corrosive 
casing and tellon nozzle 

1 metres of De soldering braid on plastic 
dispenser 

2 yds (1 83m) Resin Cored Solder on Card 
1 Heal Shunt tool tweezer Type 

Total Retail Value over £12.00. 

OUR SPECIAL KIT PRICE £8.95 


“IRRESISTABLE 
RESISTOR BARGAINS” 


Description Price 
Mixed “All Type” Resistors £1 
Preformed 4% watt Carbon 
Resistors { 
‘n watt Carbon Resistors £1 
Yewatt Carbon Resistors £1 
ba watt Resistors 22 ohm 
m2 Mixed > £1 
1 and 2 watt Resistors 22 
‘ohm 2m? Mixed £1 
Paks SX12 15 contain a range of Carbon Film Resistors 
of assorted values from 22 ohms to 22 meg. Save 
“pounds on these resistor paks and have a full range to 
Covet your projects 
“Quantities approximate. count by weight 


GUARANTEED TO SAVE YOU 
MONEY 
SX27A 60 Assorted Polystyrene Bead Capacitors 
Type 9500 Series PPD £1.00 
‘SX28A 50 Assorted Silver Mica Caps 
5.6pF-150pF £1.00 
SX29A 50 sear) Silver Mica Caps 
180pF-4700pF £1.00 
$X30A 50 High Voltage Disc Ceramics 750V min 
up to 8KV. Assorted useful values £1.00 
‘SX31A 50 Wirewound 9 watt (arg) Res sa 
Assorted values 1 ohm-12K 
AUTO SCREVDRIVERIDRILL 
Automatic spiral ratchet. Complete with 2 
screwdriver blades, 5 & 65mm. 1 screwedriver 


CONSTRUCTORS. Order No. ASD/1 £3.50 each, 


The Third and 
\y Fourth Hand... 


A St sees YOU always need 
bul have never gol until now: 
ws This helpful unit with Rod mounted 
horizontally on Heavy Base Crocodile clips 
attached to rod ends Six ball & socket joints: 
{give infinite variation and positions through 
360° also available altached to Rod a 2% diam 
magnitier giving 25x magnitication Helping 
hand unit available wilh or without magnitier 
Our Price with magnitier as illustrated ORDER 
NO 1402 £5.50 
Without magnitier ORDER NO 1400 £4.75 


BI-PAK PCB ETCHANT 
AND DRILL KIT 

Complete PCB Kit comprises 

1 Expo Mini Drill 10 OOORPM 2v DC incl 3 
collets & 1x 1mm Twist bit 

1 Sheet PCB Transters 210mm x 10mm 
1 Etch Resist Pen 

1 %tb pack FERRIC CHLORIDE crystals, 
‘Isheets copper clad board 

? sheets Fibreglass copper clad board 
Full ansttuctions for making your own PCB 
boards 

Retail Value over £15.00 

OUR BI PAK SPECIAL KIT PRICE £9.75 
ORDERNO SX81 


TECASBOTY 


The Electronic Components and Semiconductor Bargain of the Year A host of Electronic 


componentsacluding potentiometers 


Resistors of mixed values 22ahms 10 2M2 


folary and slider. presets — horizontal and vertical 
1/8102 Watt A comprehensive range of 


Capacitors including electrolytic and polyester types plus disc ceramics elcetera 

Audio plugs and sockets of various types plus switches. fuses, heatsinks. wire, nuts bolls, 
gromets, cable clips and tyes, knobs and PC Board Then add to that 100 Semiconductors 
lo include transistors. diodes. SCR's opto’s, all of which are current everyday usable devices 
In alta Fantastic Parcel No rubbishall identifiable and valued in current catalogues at well 


‘over £25 00 Our Fight Against Intlation 
Beal the Budget 
Down with Depression 
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Price — 


JUST £6.50. 


“CAPABLE 
CAPACITOR PAKS” 


Description 

Capacitors Mixed Types 
Ceramic Capacitors Miniature 
Mixed 

Mixed Ceramics Ipt- 6p! 
Mixed Ceramics 689! 0,5mi 
Assorted Polyester/Polystyrene 
Capacitors 

Mixed 6280 type capacitors 
metal foil 

Electrolytics all sorts 

Quality lectrolytics 


“Quantities approximate, count by weight 


BARGAINS 


20 x Large 2” RED LED 
20 small 125 Red LED's 

10 Rectangular Green LED's 2 

30 Assorted Zener Diodes 

250mw:2 watt mixed voltages, 

allcoded New 

4 Black Instrument 

Knobswinged with pointer '” 

Standard screw Fil size 29 x 

20mm 50p 
20 Assorted Slider Knobs 

Black/Chiome, ete fl 
12 Neons and Filament Lamps. Low 
voltage and mains ~ various types 

and colours — some panel mounting £1 


3x52 

6 Black Heatsink will it 10.3 and 

10.220 Ready dulled Hall price 

value fl 

$X53.” 1 Power finned Heatsink This heatsink 

gives the greatest possible heat fissipation 
in the smallest space owing Wu :ts unique 
staggered lin design pie dulled 
10.3 Size 45mm squarex 20mm high 40p 
10.66swe 38mmx30mmx12mm — 35p 
1 Heat L1ficiency Power frnned Heatsink 
90mm x 80mm x 35mm High Pulled to 


take up to4 x 
10 ddences 
£1.50 each 


PROGRAMMABLE UNIJUNCTION TRANSISTOR 
PUT’ case 10106 plastic MEU22 Similar to 
2N6027 /6028 PNPN Silicon 

Price 1-9 10-49 50-99 100+ 
Each: 20p 18) = 15p—13p 


SX33A § small (min. (s0ST /SPOT Toggle 
Switches 240v Samp 
SX35A 6 small (min) Rocker Switches 
(Ov Samp 
SX32A "2 Assorted Jack & Phono plugs 
’ Saikels ind adaptors, 2.5m. 
m and standard sizes £1.00 
Sx71 30. C108" talloue: Manta 
tures out of spec on volts or 
gain You test 
SX72 mixed bundle of Gooner clad 
Board Fibre glass and paper 
Single and double sided. A 
fantastic bargain 


Normal Retail 
Price £0.35 each 


X38 100 Silicon NPN Transistors—all 
pettect ded mixed types with 
data and equi sheet, Norrelects. 

Real value. 

$X39 100 Silicon PNP Transistors— 
all perfect. Coded mixed awe 
with data and eqvt. sheet 
rejects. Fantastic value. £3.00 


2N3055 The best known Power Transistors in the 
World — 2N3055 NPN 115w.. 
Our BI-PAK Special Offer Price: 
10 off 50 off 100 
£3.50 £16.00 £30.00 


BD312 COMPLIMENTARY PNP POWER 
TRANSISTORS: TO 2N3055. 
Equivalent MJ2955 — BD312 — 103 
‘SPECIAL PRICE £0.70 each 
10 off £6.50 


Send your orders to Dept. E3 BIPAK PO BOX 6 WARE HERTS. 
SHOP AT 3 BALOOCK ST. WARE HEATS. 
TERMS: CASH WITH ORDER. SAME 
BARCLAYCARD ALSO ACCEPTED. TEL (0921 
ADD 15% VAT AND 75p PER ORDER POSTA 


BRAND NEW LCD 
DISPLAY MULTITESTER. 
RE 188m 
LCD 10 MEGOHM INPUT IMPEDANCE 
*3% digil * 16 ranges plus NFE test faciity for 
PNP and NPN transistors "Auto zero. auto 
polarity *Single-handed pushbutton 
operation *Over range indication *12 5mm 
(Ye inch) large LCD readout * Diove check 
*Fust circuit protection *Test leads. baltery 
and instructions included 
Max indication 19990" ~ 1999 
Polarity indication Negative only 
Positive readings appear 
without + sign 
10 Megohms 
Automatic 
250 milliseconds 

5°C 10.50°C. 
1 x PP3 oF equivalent 9V 
battery 
Consumption 20m 


Sue 155 x88 x 31mm 
RANGES {Tea 


DC Voltage 0: 209mv 

0.2:20-200-1000V Acc 0 8° 

AC Voltage 0: 200: 1000V 

Acc 1 2% OC Current 0 290uA 

0:2:20:200MA 0:10A Acc 1 2% 

Resistance 0-2.20:200K ohms 

0-2Megohms Acc 1% 

BI PAK VERY LOWEST POSS PRICE 
£35.00 each 


Input impedance 
Zero adjust 
Sampling ume 
Temperature range 
Power Supply 


SINGLE SIDED FIBREGLASS 
BOARD 
OrderMo. Pieces Size Sq.ins, 
FB1 4 


DOUBLE SIDED FIBREGLASS 
BOARD 


FB4 2 Mx4" 110 £2.00 
SILICON POWER TRANSISTORS 
— 703 


NPN like 2N3055 — but not full spec 
100 watts 50V min, 

10 for £1.50 — Very Good Value 

100s of uses — no duds 

Order No. SX90 


REGULATED 
VARIABLE 
Stabilised 
POWER SUPPLY 


Variable {rom 2-30 volts and 0-2 Amps. Kit 

1. = VPS30 Module, 1 — 25 volt 2 amp transformer, 

1 0-50v 2" Panel Meter, 1 ~ 0:2 amp 2” Panel Meter, 
1 — 470 ohm wirewound potentiometer, 1 ~ 4K7 ohm 
‘witebound potentiometer, Wiring Diagram, 


included, Order No. VPS30 KIT £20. 


MINIATURE FM TRANSMITTER 
Freq: 95-106MHz. Range: } mile 
Size: 45 x 20mm, Add: 9v batt. ONLY 
Not licenced in UX. £5.50 
Ideal for: 007-MI5-BI-CIAKGB etc. 


MORE BARGAINS! 


SX51 60 metres PVC covered Hook-up 
‘wire single and stranded. Mixed 
colours 

SK58 25 Assorted TIL Gates 7400 
Series. 7401-7460, 

SX59 10 Assorted flip Flops and MSI 

L 


‘SX60 20 Assorted Slider 
Potentiometers 

‘SK62 40 Assorted Pre-Sets Hor/Vert 
etc 


‘SX79 10 Reed Switches — glass type 
3 Micro Switches — with lever 


Use your credit card Ring us on Ware 3182 NOW and 
el your ocder even faster Goods normally sent 2nd 
Class Mail 

Remember you must ad6 VAI a1 15%: to your order 
Toa! Postage 260 75p ot: Iota onde: 
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services 
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| ite or 


THE MOST COMPREHENSIVE RANGE OF COMPONENTS, KITS 

AND MODULES IN THE WORLD & THERE’S ONLY ROOM FOR A 

FRACTION HERE, GET THE CATALOGUE AND FIND THE REST, 
ALWAYS USE STOCK CODE WHEN ORDERING PLEASE. 
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‘ALWAYS USE STOCK CODE WHEN ORDERING PLEASE.———= 
RETAIL SHOP OPENING HOURS 
Monday to Thursday 9.00-6.00 
Friday 9.00-7.00 Saturday 9.00-5.30| 


ALL PRICES SHOWN EXCLUDE VAT. P&P 60p per order. 
AMBIT INTERNATIONAL 
200 North Service Rood, Brentwood, Essex 


TELEPHONE (STD 0277) 230909 TELEX 995194 AMBITG POSTCODE CM144SG 


standard reply forms. 


We trust that our readers will understand the reasons for 
these restrictions. On the one hand we feel that all technical 
queries should be answered as quickly and completely as 
possible; on the other hand this must not lead to overloading 
of our technical staff as this could lead to blown fuses and 
reduced quality in future issues. 
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DIGIBOOK 


Provides a simple step-by-step introduction to the basic theory and 
application of digital electronics and gives clear explanations of the 
fundamentals of digital circuitry, backed up by experiments de- 
signed to reinforce this newly acquired knowledge. Supplied with an 
experimenter’s PCB. 

Price — UK 
SC/COMPUTER (1) 

Describes how to build and operate your own microprocessor 
system — the first book of a series — further books will show how 
the system may be extended to meet various requirements. 
Price—UK wo. ...5. £4.45 Overseas.......... £4.70 
SC/COMPUTER (2) 

The second book in series. An updated version of the monitor 
program (Elbug II) is introduced together with a number of expan- 
sion possibilities. By adding the Elekterminal to the system de- 
scribed in Book 1 the microcomputer becomes even more versatile, 
Price—UK ........ £4;75- Overseas... 0 alsa £5.00 
BOOK 75 


A selection of some of the most interesting and popular construc- 
tion projects that were originally published in Elektor issue 1 
to 8, 

Price -UK ....... » £4.25 


TV GAMES COMPUTER 


This book, provides a different — and, in many ways, easier — 
approach to microprocessors. The TV games computer is dedicated 
to one specific task, as the name suggests. This provides an almost 
unique opportunity to have fun while learning! 

Price —UK nit cass £5.50 Overseas........., £5.75 
300 CIRCUITS 

For the home constructor — 300 projects ranging from the basic to 
the very sophisticated, 

Price -—-UK 1... ae . » £4,25 


Overseagi aes ce serestnis ve £4.50 


QVerseasiass ake $tiiettans £4.50 
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FORMANT 


Complete constructional details of the Elektor Formant Synthesiser 
—comes with a FREE cassette of sounds that the Formant-is 
capable of producing together with advice on how to achieve them, 

BriCe UR ioe 06. 8 cose £5120: | \OVENSCAS a xeuivss.'ny 01 on on £5.50 


JUNIOR COMPUTER BOOK 1 


For anyone wishing to become familiar with (micro)computers, this 
book gives the opportunity to build and program a personal com- 
puter at a very reasonable cost. 

Prico—-UK ..ceeeue £5.00 Overseas. .......05 £5.25 


JUNIOR COMPUTER BOOK 2 


Follows in a logical continuation of Book 1, and contains a detailed 
appraisal of the software. Three major programming tools, the 
monitor, an assembler and an editor, are discussed together with 
practical proposals for input and peripherals. 

Brice UK Te is oon £5.25 Overseas.......... £5.50 


JUNIOR COMPUTER BOOK 3 


The next, transforming the basic, single-board Junior Computer into 
a complete personal computer system. 
Blea iUK: wees £6.26 Overseas... we ee £5.50 


JUNIOR COMPUTER BOOK 4 


Book 4, the last in the series, describes all the software required to 
operate the complete system. A number of peripheral devices, such 
as a printer and a video terminal, may be ‘hooked up’ to the com- 
puter. During the final stage in its ‘growth’, the machine is able to 
extend its linguistic skills, for a special version of BASIC is now 
available on cassette. As a result, the Junior Computer is well and 
truly ‘launched’ as a fully fledged personal computer. 

Price=—UK Vor. a. £6:25'°- Overseas... ee £5.50 


When ordering please use the Elektor Reader’s Order Card 
in this issue (the above prices include p. & p.) 
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ELECTRONIC IGNITION 


Hlectronize 
Design 

“Tie Valley In 4 

Witwecons, Tameorth 


YOUR CAR * 
AS GOOD AS If COULD BE 7? 


* \s it EASY TO START in the cold and the damp? Total Energy 
Discharge will give the most powerful spark and maintain full 
output even with a near flat battery. 


3 Is it ECONOMICAL or does it “go off” between services as 
the ignition performance deteriorates? Total Energy Discharge 
gives much more output and maintains it from service to 
service. 


* Has it PEAK PERFORMANCE or is it flat at high and low revs. 
where the ignition output is marginal? Total Energy Discharge 
gives a more powerful spark from idle to the engines max. 
(even with 8 cylinders). 


* Do the PLUGS and POINTS always need changing to bring 
the engine back to its best. Total Energy Discharge eliminates 
contact arcing and erosion by removing the heavy electrical 
load. The timing stays “spot on’’ and the contact condition 
doesn’t affect the performance either. Larger plug gaps can be 
used, even wet or badly fouled plugs can be fired with this 
system, 
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AUTO-ELECTRONIC PRODUCTS 


KITS OR READY BUILT 


* Is the PERFORMANCE SMOOTH. The more powerful spark 
of Total Energy Discharge eliminates the ‘near misfires'whilst 
an electronic filter smooths out the effects of contact bounce 
etc. 


Most NEW CARS already have ELECTRONIC IGNITION. 
Update YOUR CAR with the most powerful system on the 
market - 3'% times more spark power than inductive systems - 
3% times the spark energy of ordinary capacitive systems, 3 
times the spark duration, 


Total Energy Discharge also features: 

EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER 
SWITCH, LED STATIC TIMING LIGHT, LOW RADIO 
INTERFERENCE, CORRECT SPARK POLARITY and 
DESIGNED IN RELIABILITY. 


IN KIT FORM it provides a top performance system at less than 
half the price of competing ready built units. The kit includes: 
pre-drilled fibreglass PCB, pre-wound and varnished ferrite 
transformer, high quality 2y)F discharge capacitor, case, easy 
to follow instructions, solder and everything needed to build 
and fit to your car. All you need is a soldering iron and a few 
basic tools. 


FITS ALL NEGATIVE EARTH VEHICLES 
6 or 12 volt, with or without ballast. 


OPERATES ALL VOLTAGE IMPULSE TACHOMETERS: 
(Older current impulse types need an adaptor). 


STANDARD CAR KIT = £15-90 


Assembled and Tested £26-70 @P 


Bea: 
£1(U.K.) 


TWIN OUTPUT KIT £24-55 | prices 


For Motor Cycles and Cars with twin ignition systems include 


Assembled and Tested £36-45| VAT 


GIT 


PROTECT 

YOUR CAR 

WITH AN 
ELECTRONIZE 
ELECTRONIC ALARM 


> 2000 COMBINATIONS provided by an electronic key - a 
minature jack plug containing components which must match 
each individual alarm system. (Not limited to a few hundred 
keys or a four bit code). 


* 60 SECOND ALARM PERIOD flashes headlights and sounds 
horn, then resets ready to operate again if needed. 


3 10 SECOND ENTRY DELAY allows owner to dis-arm the 
system, by inserting the key plug into a dashboard mounted 
socket, before the alarm sounds. (No holes in external 
bodywork, fiddly code systems or hidden switches). Re- 
closing the door will not cancel the alarm, before or after it 
sounds, the key plug must be used. 


* INSTANT ALARM OPERATION triggered by accessories or 
bonnet/boot opening. 


* 30 SECOND DELAY when system is armed allows owner to 
lock doors etc. 


aed t 
\ Access and Visa 
Welcome. Write or 


a) 
PN i 
Phone Quoting Number 


Don't Wait Until 
Its too Late ~ 
Fit one NOW! 


3 DISABLES IGNITION SYSTEM when alarm is armed. 


* IN KIT FORM it provides a high level of protection at a really 
low cost. The kit includes everything needed, the case, 
fibreglass PCB, CMOS IC's, random selection resistors to set 
the combination, in fact everything down to the last nut and 
washer plus easy to follow instructions. 


FITS ALL 12 VOLT NEGATIVE EARTH VEHICLES. 
SUPPLIED COMPLETE WITH ALL NECESSARY LEADS 
AND CONNECTORS PLUS TWO KEY PLUGS 


PLUS 
P.&P. 
£1(U.K,) 
Prices 
include 
VAT 


CAR ALARM KIT £24-95 


ASSEMBLED AND TESTED £ 37:95 


ELECTRONIZE DESIGN 


Dept. J - Magnus Rd - Wilnecote 
Tamworth B77 5BY 
tel: 0827 281000 


fluorescent displays 
elektor march 1983 


brighter 
and easier 
to read 


Figure 2. Various types of 
fluorescent displays are 
available today with a wide 
range of choice. 


Figure 1. In principle, a 
fluorescent display works 
like an old-fashioned 
thermionic valve. An 
evacuated glass tube 
contains three electrodes 
(cathode, anode and grid). 
Electrons are released by 
the cathode through 
thermal emission, 
attracted by the positively 
charged grid and finally 
collide with the positively 
charged anode. The anode 
is coated with a fluorescent 
layer which lights up as a 
result of electron 
excitation. 
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Although fluorescent displays really pertain to the old generation of digital 
displays, new technologies and techniques have brought them to the fore once 
again. They have again become so popular that they compete with the liquid 
crystal displays. This trend will continue to grow with the introduction of the 


so-called, ‘front fluorescent types’. 


fluorescent 


— Front glass 


‘Transparent 
conductive layer 


—— Filament (cathode) 
ee 


Anode sogment 


Glass substrate 


Anode conductive 
pattern 


Terminals 


83027-1 


Fluorescent displays have not been used in 
many applications so far on account of their 
two main disadvantages: the high operating 
voltage and price. Today, however, low- 
voltage types are available whose prices are 
competitive with those of LCDs. The main 
advantages of a fluorescent display com- 
pared to an LCD are the greater brightness 
and contrast; compared to an LED display, 
the fluorescent type requires considerably 
less power. The different characters in a 
fluorescent display can be read very clearly, 
over a wide angle, thanks to the high con- 
trast with respect to the background (see 
table 1). 

Figure 1 shows the construction of a fluor- 


escent display. There is a hard vacuum inside 
the glass envelope. The character segments 
are mounted on a substrate using thick film 
technology, and they are coated with a 
fluorescent layer. Each segment is electri- 
cally insulated from the others and each 
one forms an anode. As shown in figure 1, 

a grid and cathode are mounted above the 
anode segments. These both consist of very 
thin wires, so that they permit a clear view 
of the underlying anode segments. 

The cathode consists of heat-resistant 
tungsten wire, coated with an oxide layer, 
and heated by the filament current. At a 
temperature of about 700°C the electrons 
contained in the oxide layer are released 
(thermal emission), and a current flows 
through the vacuum. At this temperature 
the cathode doesn’t quite glow, and does not 
therefore appear as a disturbing band of light 
in the display. 

A positive voltage (positive with respect to 
the cathode voltage) is applied to the grid 
and anode (segment). On account of the 
relatively high grid voltage, the electrons 
travel from the cathode to the grid with an 
ever increasing velocity, and only a few 
electrons are captured by the grid. Most of 
them pass through the grid and continue 
their journey toward the anode, where they 
collide with the fluorescent layer with which 
the anode is coated. The kinetic energy 
developed by the electrons on their journey 
from the cathode to the anode is converted 
to light energy in the fluorescent layer. In 
this way, each segment will light when a 
positive voltage is applied to the correspond- 
ing grid. 

Situated on the inner side of the glass 

is a transparent conductive layer which is 
connected to the cathode, so that it is at 
cathode potential. This layer serves two pur- 
poses: First of all it ensures that the elec- 
trons emitted by the cathode travel in the 
right direction (not out through the glass!). 
Secondly, it increases the relatively small 
cathode surface so that the electron flow is 
uniformly distributed. This effect is en- 
hanced by the fact that several of the 
cathode filaments are positioned above each 
segment. In this way the segments light up 
uniformly. 

If there is no potential difference between 
cathode and grid, it is possible for some 
electrons to reach the fluorescent layer on 
the anode segments. For this reason, a 
voltage which is more negative than the 
cathode is applied to the grid. The electrons 
are then repelled by the grid instead of being 
attracted to it. The segments situated below 
that grid remain dark. 

To darken a segment, a negative voltage is 
applied to the appropriate anode. With a 
positive grid voltage in this case, the negative 
anodes are not bombarded with electrons 
and remain dark. 

To darken a character completely, a negative 
voltage is applied to the corresponding grid. 
Fluorescent displays are now available in 
widely differing forms: numbers, letters, 
symbols, scales (bars, dots, matrix) and 
combinations of these. Figure 2 shows some 
examples of fluorescent displays for particu- 
lar applications. 
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The brightness of a segment depends on the 
kinetic energy of the electrons when they 
collide with the anode. This energy is 
converted to visible light in the fluorescent 
layer. The brightness can be increased by 
raising the anode and grid voltages. This 
results in an increase in electron velocity 
and more electrons per time interval reach 
the anode. 

At a particular anode voltage the anode 
current is limited by the space charge. This 
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Figure 3. The relationship 
between anode/grid 
voltage and anode/grid 
current is non-linear. This 
diagram also shows the 
relationship between anode 
and grid current, 


Figure 4. The relationship 
between anode/grid voltage 
and relative brightness is 
also non-linear. 


Figure 5, The brightness 
of a fluorescent display is 
temperature-dependent, on 
account of the fact that 
the tube is not completely 
evacuated. 
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Figure 6. Different fluor- 
escent coating substances 


result in different colours. 


The figure shows the 
frequency spectrum of 
some colours, and the 
dashed curve shows the 
spectral sensitivity of the 
eye. 
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is the electron cloud which forms as a 
result of the emission between cathode and 
anode and which is very dense in the vicinity 
of the cathode. The electron cloud has a 
great negative charge (on account of the 
electrons), so that some of the electrons 
emitted by the cathode return there. A more 
intense electron cloud or space charge means 
that fewer electrons reach the anode from 
the cathode and the anode current decreases. 
There is no linear relationship between 
anode voltage and the anode current limi- 
tation imposed by the space charge. The 
electron cloud becomes more dense as the 
anode voltage rises. However, since the 
electron velocity increases in proportion to 
the square root of the anode voltage, the 
maximum anode current is: 


Ta = kUagVUa = kUg?/? 


k is a so-called geometric factor which takes 
into account the vacuum in the display and 
the arrangement and form of the electrodes 
(cathode, anode, grid). 

Figure 3 shows the relationship between 
anode or grid current and anode voltage for 
a particular display. At an anode voltage of 
25 V one can expect an anode current of 
1 mA and a grid current of 1.5 mA. This 
characteristic curve also demonstrates that 
at an anode voltage of 25 V, the anode 
current is approximately 40% of the cathode 
current. 

Above a certain value, the anode current 
ceases to rise even if the anode voltage is 
increased. This is the saturation point. At 
a particular cathode temperature, no more 
electrons (per time interval) can be emitted 
by the cathode. The saturation current 
depends on the following factors: the 
cathode coating, surface area and absolute 
temperature (in Kelvin). 

The saturation does not imply however, 
that the brightness remains constant. As the 
anode voltage rises, the electron velocity 
increases. This means that the kinetic energy 
with which the electrons strike the anode 


also increases. The brightness increases, 
although only to a slight extent. If the 
cathode is supplied with sufficient filament 
current, the saturation current is not reached. 
Figure 4 shows the relationship between 
anode or grid voltage and relative brightness. 
All the characteristic curves shown apply to 
the same display. 


Temperature dependence 


The brightness is temperature-dependent. 
This is due to the fact that air molecules re- 
main in the tube in spite of the high vacuum. 
This can easily be demonstrated in an exper- 
iment. In a cold environment the so-called 
Brownian movement of the air molecules in 
the tube decreases. The electron flow 
encounters only slight resistance enroute to 
the anode. Thus the kinetic energy of the 
electrons is hardly ‘decelerated’ and the 
segments light up brighter. If the tempera- 
ture drops too far however, the brightness 
decreases as the fluorescent layer becomes 
less sensitive. A rule of thumb is: above a 
temperature of 25°C (room temperature), 
the brightness decreases. In figure 5, the 
light output is plotted as a function of the 
temperature. At 40°C the brightness is 
approximately 80% of that at 25°C. 


Contrast and colour 


A display is easy to read when the contrast is 
high. The absolute brightness is not a decisive 
factor. With intense ambient light, the 
contrast can be considerably improved by 
placing a colour filter or neutral grey filter in 
front of the display. Widely differing colour 
filters can be utilised, because fluorescent 
displays exhibit a wide spectrum of light. 
Although the brightness decreases when a 
filter is placed in front of the display, the 
contrast increases and the display becomes 
easier to read. The choice of filter depends 
on personal taste and on the spectrum of 
the ambient light. 

The first low-voltage types of fluorescent 
display contained a fluorescent substance 
that produced a fairly broad spectrum in 
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the green. More recently, fluorescent sub- 
stances have been developed which light up 
in a range of colours and displays are now 
readily available in various colours. Figure 6 
shows the spectra of a number of colours 
and the dashed curve indicates the sensitivity 
of the eye. 


Application 


Figure 7 is the basic circuit for driving a 
fluorescent display. In this example, the 
characters are selected by CMOS or TTL 
level logic. The anode and grid voltages are 
switched via transistors. Fluorescent displays 
operate with anode and grid voltages of 
12 to 47 V. Special ICs are available for 
multiplexing even complicated displays. 

To darken the segments or an entire charac- 
ter, a negative voltage (with respect to the 
cathode must be applied to the anodes or 
grid. This is to prevent the electrons from 
the cathode from reaching the corresponding 
segments. For this reason a zener diode is 
used to apply a positive voltage (with respect 
to ground) to the cathode. The cathode 
voltage is approximately 2 to 8 V. An anode 
or grid that is not in use is pulled down to 
ground potential by means of resistor Rg or 
Rp, so that the voltage is negative wit 
respect to the positive cathode. 

The cathode is heated with a filament 
voltage of 1 to 8 Vac, a d.c. voltage being 
unsuitable for this purpose since the voltage 
drop across the filament would result in 
different potential. This means that the 
cathode voltage would vary over the display 
area and the cathode current would have a 
non-uniform distribution. The segments 
would therefore light up with different 
degrees of brightness, This effect can be very 


disturbing, particularly on displays with long 
filaments. If, however, the cathode filament 
is supplied with an a.c. voltage (at mains 
frequency), the eye is ‘tricked’ because the 
average brightness remains constant. This is 
not quite correct, because there is no linear 
relationship between cathode current and 
brightness. In practice however this is 
insignificant. 

The cathode current in addition to the 
filament current also causes a very slight 
voltage drop across the filament. This effect 
can be diminished by applying the cathode 
current to both ends of the filament. The 
voltage drop caused by the cathode current 
is then halved in comparison to that with 
single-ended supply. This is achieved by 
connecting the cathode to the centre tap of 
the filament transformer (see figure 7). 

It should be noted that some display types 
can be heated with d.c.; in this case, the 
manufacturer’s datasheet should be referred 
to. 

Multiplexing is used with multidigit displays, 
each character being driven by the same 
decoder. The changeover from one character 
to the next takes place at a frequency high 
enough to make the switching operation 
imperceptible. With this method, sufficient 
brightness is achieved by matching the 
segment currents to the number of switched 
characters. For this purpose the manufac- 
turer specifies the maximum peak current 
per segment. The advantage of multiplexing 
is obvious: instead of needing a separate 
decoder for each character, only one de- 
coder is used for all characters; resulting in a 
considerable saving! 

With multiplex drive, the response time of 
the fluorescent coating must also be taken 
into account. Both the rise and decay times 
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Figure 7. The basic drive 
circuit of a fluorescent 
display. Special ICs are 
available for this 
application, 
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Figure 8. In the type 


Transparent 
conductive known as a front fluor- 
ie escent display, the element 
that was originally located 
at the rear (anode), is 
situated at the front. The 
anodes are transparent. 
Table 1. Characteristics of major display devices 
Device FFD FD GGD 
Item (front-fluorescent) (fluorescent) ay ECD: (gas discharge) 
Response Rate (4s) 8. .8 0.01 100,000 20... 1000 
Driving Voltage (V) 10...50 anes SQ) AG ier 2i0' Qe: 170... 300 
Power Consumption (mW/cm?) 80 80 200 0.001 30...100 
Brightness (% of FD) 75 100 10 - 25 
Operation Temp. (°C) —40.,.+85 —40...4+85 —30...+80 | -10...+80 —10..,.+70 
Multicolour yes yes yes yes* orange 
NMiewing: Angle 150°/150° 90°/120° 150°/150° | 100°/100° 120°/120° 
vertical/horizontal 
Life (hour) minimum 30,000 10,000 100,000 50,000 2500 
Visual Recognition excellent good acceptable acceptable acceptable 
2 by use of a filter 


are approximately 8 us. The rise time for 
grid and anode voltages on the other hand, is 
only 0.5 us. The decay times of these 
voltages are controlled by external RC 
networks. With long decay times and high 
multiplex frequencies, an overlapping of the 
successive character information can take 
place. For this reason, the RC time constants 
should be kept low and, when darkening the 
characters, the appropriate segment drivers 
should be switched off. In this way the 
corresponding character extinguishes very 
rapidly. 

The multiplex frequency selected for the 
display drive circuit must be such that the 
display does not flicker. Under no circum- 
stances should the frequency be the same 
as that of the filament current or a multiple 
of the latter. 


A new development: front 
fluorescent displays 


Already during development of the first 
generation of fluorescent displays, methods 
were sought to apply the fluorescent coating 
directly to the inner side of the window — as 
is the case with television picture tubes. This 
results in an ‘inverted’ display with the 
anode being situated first in the line of 
vision. 
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The reason why this display principle has 
only been realised recently, is that certain 
technological obstacles had to be overcome, 
Its advantages compared to the ‘older’ types 
of display are: wider viewing angle is avail- 
able and cathode and grid wires remain 
invisible. 

Figure 8 shows the basic construction of a 
front anode type of fluorescent display. The 
anode consists of a transparent conductive 
layer, and when electrons collide with this 
layer at a low speed (corresponding to a low 
anode voltage), light is produced at the 
surface of the fluorescent substance. The 
thickness and quality of the fluorescent 
coating are critical parameters that affect 
the brightness of the display. 

Another difficulty in manufacturing this 
type of display is that the anode leads must 
be positioned between the segments. With 
complicated structures, it may become 
necessary to interconnect leads in the drive 
circuit. 


Table 1 is a brief survey of the different 
display types. 


References: 
Short form catalogue, 1983 edition, FUTUBA 
‘Front luminous vacuum fluorescent display’, 


November 1981 edition, FUTUBA 


A problem frequently encountered in model construction is that of testing 
the functioning of a servo. The servo-tester described in this article provides 
the solution. It supplies an output frequency of 50 Hz; the pulse width can be 
adjusted between 1 ms and 2 ms and serves as an excellent test signal. 


Ser'vo- 


One possible cause of failure in radio-con- 
trolled models is a malfunctioning servo. The 
problem is: how can this be checked when 
the model is being operated in the field? 
Certainly during contests, when you are for- 
bidden to use the transmitter for testing. 
What we need is a battery-operated test 
circuit which supplies a PWM (pulse-width 
modulation) signal. The signal transmitted to 
the servo from the remote control receiver, 
has a pulse width of 1.5 ms for the neutral 
position of the servo, and the pulse widths 
for the two end positions are 1 ms and 2 ms 
respectively. Obviously, our servo-tester 
must generate the same signals. 


tester 


The output pulse is positive, so that the 
circuit described so far is only suitable for 
servos which respond to a positive input 
pulse. For servos requiring a negative input 
pulse, some modifications must be made to 
the circuit. First the IC is replaced by a pin- 
compatible quad NAND gate 4011. Pin 6 
of gate N1 (point A) must be connected to 
the positive supply and the lower end of R3 
(point B) must be grounded. 


With so few components required, construc- 


tion is a simple matter. Figure 2 shows a 
proposed layout. If the pulse-width is not 
quite correct, the value of C2 can be modi- 


fied. i 
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N1... N4=1C1 = 4001 


As shown in figure 1, the total component 
count is one IC, three resistors, one poten- 
tiometer and two capacitors: a NiCad 4.8 V 
battery is also needed to power the circuit. 
The IC is a 4001 CMOS type which contains 
four NOR gates. Gates N1/N2 are connected 
as an astable multivibrator which oscillates 
at a frequency of 50 Hz; the output pulse 
width is approximately 10 ms. The total 
period time is 20 ms, which is one of the 
requirements the servo-tester must meet. The 
next step is to make the output pulse of the 
tester adjustable from 1 ms to 2 ms. This 
task is performed by the monostable multi- 
vibrator N3/N4. Each positive-going edge 
from the astable multivibrator triggers the 
monostable; the latter, in turn, produces an 
output pulse that can be varied from 1 ms to 
2 ms by means of P1. 


2 


servo-tester 
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simple and 
inexpensive, 
but effective 


G. Luber 


Figure 1. The servo-tester 
produces a PWM (pulse 
width modulation) output 
with positive output pulses 
whose width can be varied 
from 1 to 2 ms. The 
necessary circuit modifi- 
cations for negative output 
pulses are described in the 
text. 


Figure 2. Construction is 
simple if this layout is 
used. 
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illumination 
indicated 
digitally 


Table 1. Illumination 
figures for natural light 
sources and quide values 
for artificial lighting. 
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This is a new and up-to-date measuring instrument; it is convenient, compact 
and digital: the DLM. The digital luxmeter is the latest member of our growing 
family of digital measuring instruments with simple construction, thanks to 

a high level of integration. It is intended for accurate measurement of 
illumination, in two ranges: 0.1... 200 lux and 10... 20,000 lux. Its low 
current consumption of only 2... 4 mA makes the instrument independent 
of the mains and useful for portable applications. 


LCD luxmeter 


The luxmeter is suitable for many appli- 
cations, especially those associated with 
photography and lighting. Particularly when 
arranging and designing lighting systems, 
proper lighting is important to prevent 
eyestrain. Poor lighting is false economy: 
illumination guide values do exist and should 


Table 1 
Natural light Mlumination (lux = Ix) 
Clear night, full moon 0.3 


Winter's day in December 
with overcast sky 

Summer's day in June 
with overcast sky 

Winter's day in December 
with clear sky 

Summer's day in June 
with sunlight 

Artificial lighting 

Candle light at 


900... 2,000 
4,000... 20,000 
up to approx. 9,000 


up to approx. 100,000 


1m distance 1 
Side roads 4 
Main roads 16 
Staircases, railway 

platforms 30...60 
Secondary rooms such as 

basement, hall, etc. 120 
Living-rooms and offices 250 
Classrooms, shops, work- 

shops 500 


Drawing offices, precision 
engineering workshops 


be adhered to. Some of these guide values 
are listed in table 1, and the table also 
indicates the illumination levels of natural 
light sources, The illumination levels quoted 
in table 1 for artificial light sources are only 
average values, 

The luxmeter presented here measures the 
amount of illumination. It consists of three 
units: the sensor and light-to-current con- 
verter; the analogue-digital converter with 
reference voltage source, counter, latch, 
BCD to 7-segment decoder and LCD driver; 
and finally, the liquid crystal display. 


The sensor 


A luxmeter is only useful if it ‘sees’ the 
illumination just like the human eye and 
for this reason the spectral sensitivities of 
the two sensors (eye and photodiode) should 
be as similar as possible. So far, no photo- 
sensitive device has been made available 
having exactly the same spectral sensitivity 
as the human eye. One which comes fairly 
close, however, is the BPW 21 photodiode. 
The dashed curve in figure 1 shows the 
relative sensitivity of the eye as a function 
of the wavelength of light. The solid curve 
represents the relative sensitivity of the 
BPW 21 photodiode and it can be seen that 
both the eye and the photodiode are rela- 
tively sensitive to visible light with a wave- 
length of approximately 555nm. The 
radiation range of visible light is approxi- 
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Table 2. Recommended 
values of light intensity 
with changing optical 
requirements, 


Figure 1. Both sensors, the 
photodiode and the human 
eye, have almost the same 
sensitivity for the range of 
visible light with wave- 
lengths from 400 nm to 
700 nm. 


Figure 2. The short-circuit 
current for the BPW 21 
photodiode is linear over 
a wide range. 


Table 2 Optical requirement Example Recommended 
light intensity Ix 
Orientation in closed 
rooms Corridor lighting 100 
Normal vision handling Living-room lighting; 
medium-sized objects manufacture of cases for 
electronic equipment 400 
Increased visual require- Study of tech. literature; 
ment, small details fitting components to a 
p.c.b, 800 
Very great optical Detailed drawing-work; 
requirement, very tiny constructing a miniature 
details device with high com- 
ponent density 1,500 
Extremely great optical Repairing mechanical 
requirement, minute watches 
details 3,000 
1 mately 4000 — 700 nm and within this 
region the sensitivity varies considerably 
f according to colour. This applies both to 
s(4) the eye and the photodiode. The curves in 
rel 4 eat 
figure 1 also show that the sensitivity of 
1.0 the eye is relatively narrowband, whilst that 
Beleti of the photodiode is broad-band. The photo- 
ative : + ry . 
sensitivity diode responds to violet light with a wave- 
length of 430 nm and to red light with a 
0.8 wavelength of 650 nm with greater sensi- 
tivity than the human eye. However, they 
both reach their maximum at a wavelength 
0.6 of 555 nm (yellow-green light). In other 
words, if a light source emits red light and 
yellow-green light with the same radiation 
intensity, the yellow-green light appears 
0.4 considerably brighter to both the eye and 
the photodiode. The two curves in figure 1 
do not exactly coincide but are fairly close 
0.2 to each other and the colour correction 
filter in the photodiode is used to obtain 
compatibility. For both sensors, no percep- 
tion is possible outside this radiation range. 
oNN00 500 600. 700nm_ Radiation under 400 nm is in the ultra- 
Light 4—e» violet region and that over 700 nm is in the 
wavelength gang7. 4 infrared region. 
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Another favourable characteristic of the 
BPW 21 photodiode is its excellent linearity 
as shown in figure 2, The short-circuit- 
current I is perfectly linear over an illumi- 
nation range from 0.01 1x to 10,000 Ix. In 
the region of interest, this results in good 
linearity as regards the absolute sensitivity 
which is typically 7 nA/lx, (4,5 nA/lx min., 
10 nA/Ix max.) and a linear scale readout. 


The circuit 

Circuit operation is straightforward: light is 
converted to current which is then used to 
produce a directly proportional voltage 
followed by a digital readout. There we have 
a brief description of the circuit shown in 
figure 3; it does however warrant a more 
detailed description. 

Photodiode D1 is connected in ‘current 
source’ mode so that the linear portion of 
its characteristic curve is used where current 
is directly proportional to light intensity 
over a wide range, in the region of several 
decades. A virtual short circuit is obtained 
relative to the diode, which bridges the 
inverting and non-inverting inputs of IC1. 
This improves linearity and eliminates the 
otherwise negative influence of the photo- 
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Figure 3. Complete circuit 
of the luxmeter. The 
change-over facility of the 
current/voltage converter 
provides the luxmeter with 
a range of 0.1 Ix to 
20,000 Ix. This roughly 
corresponds to a range of 
illumination extending 
from a clear night with 
new moon, up to a 
summer's day in June with 
overcast sky. 


fae 
diode’s leakage current. Further infor- 
mation on this subject and photodiode 
parameters along with various circuit con- 
figurations, is given elsewhere in this issue 
(‘0, IC!’). 

The photocurrent is converted to a pro- 
portional voltage by means of IC1 in 
conjuction with R1/R2 and preset poten- 
tiometers P2/P3. In this circuit the opamp’s 
output voltage must be equal to the voltage 
drop across R1/P2 or R2/P3. This voltage 
drop is directly proportional to the current 
through the photodiode and the resistor 
values used, The resistors therefore determine 
the measuring range. Since the voltage 
amplification of the light-to-current-to- 
voltage conversion circuit is relatively low, 
capacitor C2 must be added to prevent 
oscillation. 

Once the first stage has converted the light 
intensity into an equivalent voltage, this can 
be applied to the measuring input ‘IN HI’ 
of IC2. A low-pass filter (R11/C4) is in- 
cluded to smooth out the 50 Hz component 
in artificial light. 

IC2 contains all the functions required in 
order to obtain counting pulses from the 


analogue input voltage, and feed them to 
the 7 segment decoder which is followed by 
the LCD driver stage. The DVM chip also 
provides a 2.8 V reference voltage, which 
shares a common zero reference with the 
potential divider R9/R10 and the light 
sensor D1 (‘REF LO’ and ‘COMM’, pins 35 
and 32 of IC2). A voltage of 100 mV is 
present across R10 of the potential divider 
and is applied to the ‘REF HI’ input (pin 36) 
to ensure that the luxmeter gives full scale 
deflection for a measuring voltage of 
199.9 mV at the ‘IN HI’ input (pin 31). 
The digits 1999 then appear on the display. 
T1 serves the function of inverting the BP 
(blackplane) signal of IC2 (pin 21) so that 
the decimal point DP1 or DP2 is switched 
on, depending on the setting of switch S2. 


Construction 

All components except for the battery and 
switches can be mounted on the printed 
circuit board (figure 4). Components are 
mounted on both sides of the p.c.b., which 
results in a compact design that will fit into 
a small case, It is advisable to solder the 


typ. 2.8 V. 
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BPW 21 photodiode directly to the copper 
track side of the p.c.b. Ensure that it is 
correctly connected! The LCD display 
should also be fitted to this side of the 
p.c.b. If pin 1 is not marked on the dis- 
play, the decimal points can be used for 
orientation. They are visible when the 
display is viewed at an angle. The display 
is correctly positioned on the p.c.b. when 
the decimal points are on the same side as 
the light sensor. 

All other components are fitted to the 
component side. 


Calibration and alignment 


A 40 W and 100 W bulb are required for 
calibration; they are inserted in sequence 
into a reflectorless socket with no other 
light source switched on. No mirrors or 
reflecting surfaces should be in the vicin- 
ity, and brightly coloured walls or ceilings 
should also be avoided before commencing 
to calibrate. 


@ The offset alignment is done before 

mounting the photodiode D1(!). Set the 
display to 000 with P1. In exceptional cases 
it may prove necessary to modify the values 
for R3, R4 and Pl (R3=R4=10k and 
P1= 100k). 


= Mount the photodiode, set switch S2 to 

the 20,000 lx range and position the 
luxmeter 30cm from the bulb (100 W). 
Make sure that the bulb is directly above 
the sensor. Now adjust preset potentio- 
meter P3 to obtain a reading of 1.00 (klx) 
on the display (i.e. 1,000 lux). 


= Change to the 40 W bulb and increase 

the distance to 50 cm, then select the 
200 Ix range. Adjust P2 to obtain a reading 
of 150.0 (1x) 


The luxmeter is now ready for use and we 
suggest checking the illumination levels 


quoted in Table 1. i 
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Parts list 


Resistors: 

R1,R5 = 100 k 
R2,R10=1k 

R3,R4 = 22k 
R6=47k 

R7=4M7 
R8,R11=1M 

R9= 27k 

P1 = 50k (47 k) preset 
P2= 100k 
P3=1k 10-turn presets 
Capacitors: 

C1=56p 

C2= 220p 

C3= 10 u/10 V 

C4,C6 = 100 p 

C5=470n 

C8 = 220n 


Semiconductors: 

T1 = BC549C 

D1 = BPW21 

1C1 = CA3130 

1C2 = 7106 

LCD: 3% digit, digit 
height 13 mm 

For example: 

Hamlin 3901 or 3902; 

LXD 43D5R03; 

Hitachi LSOO7C-C, 

H1331C-C 


Miscellaneous: 

$1 = single-pole on/off 
switch 

S2 = double-pole change- 
over switch 

Battery clip for 9 V 
battery. 


Figure 4. Printed circuit 
board and component 
layout for the luxmeter. 
The liquid crystal display 
and the photodiode are 
situated on the copper 
track side, resulting in a 
compact design. 
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The continuing development of ‘bigger’ memory ICs obliges us to develop new, versatile and more 
powerful RAM/EPROM cards at regular intervals. The universal memory card described here is suitable 
for most microcomputers with an 8-bit data bus and it can accept up to 64 K RAM or EPROM. A 
combination of both types of memory is also possible. If CMOS RAMs are utilised, a backup battery 
will protect the memory contents for a considerable time, thus preventing the data from being lost 
when the computer is switched off (power-down). 


64 K RAM 
and/or 
EPROM with 
battery 
backup 
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The computer memory 

In general, a microcomputer system contains 
the sections shown in figure 1. The micro- 
processor chip contains various registers, the 
program counter and the arithmetic and 
logic unit (ALU); the clock generator may 
also be included on-chip in certain micro- 
processor types. The other main section is 
the memory, usually consisting of both RAM 
and ROM or (E)PROM. The data to be pro- 
cessed are stored in the RAM and called as 
required; the EPROM contains ‘permanent’ 
operating instructions for the micropro- 
cessor. In most cases the so-called operating 
program (monitor) for the microcomputer 
is resident in this section of memory. 
Addresses, data and control signals processed 
and output by the computer are transferred 
via the address bus, data bus and control 
signal bus. It would be beyond the scope of 
this article to consider the many details that 
must be taken into account when utilising 


universal 
memory card 


the basic system of figure 1 with a particular 
microprocessor. Instead, we shall take a 
closer look at the data memory and program 
memory block. 

Those readers who have worked with the 
Elektor SC/MP system or Junior Computer 
from the start know how quickly the maxi- 
mum memory capacity of a basic system is 
reached, No wonder we had to meet the de- 
mand for bigger memories by developing 4 K 
RAM, 8K RAM/EPROM and 16K ‘dynamic’ 
RAM cards, This progress was possible 
because the need for greater memories was 
also experienced commercially, stimulating 
manufacturers to develop and produce 
‘bigger’ ICs, 


Dedicated systems as opposed to 
development systems 


A development system can also be used for 
‘dedicated’ applications, but the reverse is 


N Address bus 
Clock ys 
generator Microprocessor} 
7 . 
H Peripherals 
H Program 
registers Data memory) memory Input/output 
RAM {ROM 
1 (E)PROM 
Program y 
counter Control signals 
Arithmetic and 
logic unit 
(ALU) Data bus 830144 


Address (hex.) 


FFF 
RESET-Address 
Interrupt addrossos 


User program (PROM) 


RESET 
> 


Usor input/output 


Usor stack 


Stack pointer 
> 


User data (RAM) 


Dedicated computor 


Address (hex.) 


RESET address 


Interrupt addresses 


FFFF 


User program (RAM) 
RESET 
— 


Monitor RESET 
> 


peenitot Monitor Program 
jonitor 
stack pointer (EPROM 


Monitor stack 
Monitor 


Monitor RAM even 


Monitor 
input/output 


r input/output 


Usor stack 


Stack pointer 
> 


Usor data (RAM) 


0008 
Development computer 


83014-2 


not true. The difference between a dedicated 
system and a development system is shown 
in figure 2. The computers that tend to run 
out of memory space are the development 
systems (SC/MP, Junior and so on), Their 
data and program memories are typically 
organised as in figure 2. RAMs are used in 
the program memory area. The monitor 
program occupies a large part of the address- 
able memory area. It consists of a ROM or 
(E)PROM containing the operating instruc- 
tions, a RAM area for intermediate storage 
and a memory-mapped input/output block. 
The monitor program itself contains various 
routines that are needed for developing 
other programs, such as: input/output rou- 
tines, memory scan and memory input. 
Elektor has published several ‘dedicated 
computers’, such as Intelekt, the 6502 house- 
keeper and the darkroom computer. Their 
program memories consist of an EPROM. A 
monitor is not required, thus obviating the 


need for the large monitor memory. 

But, to get back to the development com- 
puter: a 16-bit address bus can define and 
call a total of 21° = 65536 = 64 K addresses. 
(The location of an address is normally ex- 
pressed in hexadecimal: thus an address 
range of 99@Ohex to FFFF hex covers 64 K.) 
Given this fact, it would seem logical to 
provide a microcomputer system with a 64K 
memory from the outset. However, this is 
the exception rather than the rule — mainly 
because that type of memory was too bulky 
and expensive until quite recently! 


Memory development at Elektor 
Figure 3 shows the development of Elektor 
memory cards. In March 1978, when the 
memory card for the SC/MP system was 
introduced, only MOS ICs with an organis- 
ation of 256 x 4 bits were available. This 
meant that 32 ICs were needed for a 4K 
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Figure 1. In general, a 
microcomputer system 
consists of the micro- 
processor and two distinct 
types of memory. The data 
to be processed are stored 
in the (RAM) data memory 
and called as required. The 
program memory contains 
the operating program 
(monitor) for the micro- 
computer, This is stored in 
ROM or (E)PROM. 


Figure 2, Development 
computers, such as the 
Junior or SC/MP, use 
RAMs in the program 
memory area. A large part 
of the addressable memory 
area is occupied by the 
monitor program, in ROM 
or (E)PROM, with its 
associated ‘monitor RAM’ 
area, Dedicated computers 
such as Intelekt, the 6502 
housekeeper and the dark- 
room computer are more 
common. Their program 
memories consist of an 
(E)PROM. The large 
monitor memory is not 
required, 
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Figure 3. The development 
of Elektor RAM and/or 
EPROM memory cards. 
From 4 K RAM in 1978 to 
64 K in 1983 and from 

16 K EPROM in 1980 to 
64 K in 1983, with the 
same space requirement in 
each case. Although not 
shown, 2716 2 K EPROMs 
can also be mounted on 
the universal memory card, 
The types indicated stand 
for the device type: ‘2716’ 
means ‘a2 K x8 EPROM’, 
say, and ‘6116’ means 
‘a2K x8 RAM’. 
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‘September 1980 
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memory. Nowadays the same memory 
capacity can be achieved with only two 
6116 CMOS ICs, In the near future, 8K x 8 
CMOS RAMs will be available — making it 
possible to store 65536 bytes on a single 
‘universal memory card’! 

PROMs and EPROMs reached this stage of 
development some time ago, and 65536 
bytes can also be stored in eight MOS 
EPROMs on the universal memory card, (In 
fact, even 32K x8 CMOS PROMs are now 
available. Only two of these ICs would there- 
fore be needed in order to store the total 
62K! However, these ICs are not suitable for 
the universal memory card.) 

For the computer hobbyist the development 
of ‘bigger’ memory ICs means that a single 
Eurocard will now provide as much memory 
as 16 cards did 4 years ago. Over the same 
period, the cost of memories has dropped 
considerably: 4 K of RAM cost about 80 
pounds then, but now (using 6116’s) the 
same storage area costs less than 10 pounds! 


The universal memory card 

Figure 4 is the circuit diagram of the univer- 
sal memory card, 2 K (2716), 4 K (2732) or 
8 K (2764) EPROMs and 2 K (6116) or 8K 
(5564) CMOS RAMs can be used. The type 
numbers in parentheses stand for all memory 
ICs with the same organisation and same pin 
assignments. 

Two versions of this memory card can be 
built: with or without battery backup 
(CMOS version or MOS version respectively). 
In the former case the power supply for the 
CMOS RAMs is backed up with two minia- 
ture cells so that the data are not lost when 
the computer is switched off, Mixed oper- 
ation (CMOS and MOS ICs) is not possible, 
nor would it serve any useful purpose. The 
battery would be quickly discharged and T1 
would not be capable of supplying the 
necessary current. 

In the CMOS version, the circuit draws 
approximately 200 mA in operation. Only 
one RAM is accessed at a time and this draws 
approximately 35 mA. However, the rest of 
the circuit requires about 165 mA. The aver- 
age operation current for a RAM is less than 


35 mA. The figure depends on the number 
of times the RAM is accessed in a given 
period, The quiescent current of the RAM 
(CE = 1) is only a few uA. One more im- 
portant point: the CMOS version requires 
pull-down resistors, open-collector ICs and 
the circuit associated with Tl... T3. 
When the supply voltage is switched off 
(power-down) inputs CE or OE and WE of 
the RAMs must be inhibited (logic 1). Open- 
collector ICs with pull-up resistors to the 
battery supply rail are used for this reason: 
the inputs will automatically go to logic 1 
and inhibit the RAMs. 

Pull-down resistors are also required for 
(some) CMOS RAMs. The reason is illus- 
trated in photograph 1. The upper trace is 
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the voltage on one of the address lines of a 
Hitachi 6116 CMOS RAM, and shown below 
it is the current drawn by this IC. There are 
no pull-up or pull-down resistors. At ap- 
proximately half the operating voltage (one 
half of 2.4 V in this case), the current rises 
considerably (up to approximately 200 yA). 
The same effect occurs at each of the 11 
address lines, so that the total current can be 
2.2 mA instead of ‘typically 2 uA’, as speci- 
fied in the datasheet for the HM 6116 LP. To 
avoid this problem, pull-down resistors are 
essential: a current which is greater than 
expected by a factor of 1000 will quickly 
discharge the battery! 

This heavy current consumption occurs 
when a floating address input causes both 
CMOS transistors conduct. This is not 
always the case, nor does it apply to all 


inputs. The 6116, for example, doesn’t need 
pull-down resistors for the data lines. With 
ICs from other manufacturers, the situation 
may be different. The best solution is to 
play it safe, and mount all resistors shown, 
They cannot do any harm, and there is room 
for them on the printed circuit board. 

The MOS version has a higher quiescent 
current consumption. MOS devices can be 
used for all the RAMs and EPROMs; the 
advantage is that these ICs cost only half as 
much as the CMOS devices, The disadvan- 
tage is that each 2716 EPROM, for example, 
draws a quiescent current of about 35 mA, 
Multiplied by 8: nearly 300 mA. Add about 
165 mA for the rest of the circuit: a total 
quiescent current of 450mA! The MOS 
version does not need open-collector ICs, 
and all the resistors are omitted except for 
R1...R4. The circuit associated with 
T1...T3 is not required, and wire links are 


4 


N1.., 
NO. 


NB = IC6 = 74L$240 
N11 = % IC7 = 74L812 o> nef) 


inserted in place of the collector-emitter 
paths of the transistors Tl and T2. 

The address and data lines are fully buffered 
except for A1l6 and Al7. However, Al6 and 
A17 are rarely utilised. The card need not 
have a full complement of ICs, of course: it 
will also operate perfectly with only one 
EPROM or RAM. 


Address decoding 

The address decoding is unusual. The ad- 
dresses are summed in two’s complement. 
This corresponds to a subtraction, as shown 
in the example (next page). If the address 
selected on the board corresponds to the 
incoming address, the result is zero. The 
actual address decoder IC5 is then enabled 
via N9 and generates the CE signal that 
selects the appropriate RAM or EPROM. 


°* see text 
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Figure 4. Two versions in 
one circuit diagram. The 
MOS version is less expens- 
ive and less involved. It 
merely contains resistors 
R1...R4, capacitors 
C1...C7,1C1...1C7 
and IC8...1C15, as 
required (from 1 to 8 
devices). Wire links are 
used for matching to 
different processors and 
memory ICs, IC5 and IC7 
are different types than 
with the CMOS version, 
With the CMOS version a 
permanent memory can be 
created whose data will not 
be lost. Nickel cadmium 
rechargeable cells or 
disposable batteries are 
used to provide backup 
when the operating voltage 
is switched off. A power- 
down circuit with 
T1...T3 is also provided. 
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Example of calculation 
with two's complement: 


B = 1000= 8hex 


B =0111 
+1 1 two's 
1900 complement 
A =1000 , 
(1) 0000 


Figure 5. These are the 
RAM and EPROM types 
that can be used. The 
designations stand for 
memory ICs with the same 
function, organisation and 
pin assigments, Other 
information, particularly 
concerning equivalent 
types, can be found on 
info cards 75... 79. The 
Texas Instruments 
EPROMs 2532 and 2564 
can only be used 

in conjunction with an 
adapter socket. Although 
the various CMOS RAMs 
have the same pin assign- 
ments, the quiescent 
current consumption 
depends on the type. 
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As an example, assume that the address 
890Phex is selected with the DIP switches. 
In accordance with the two’s complement 
method, only switch ‘A15’ is closed (see B 
in the calculation), The two’s complement 
is obtained by adding a 1 to the carry input 
of IC4 (pin 7). Now, if 1999 is also available 
at the A-inputs of IC4 (for the 8000 address 
block), the information 9999 appears at the 
outputs. Let us assume that the wire links 
for 2 K RAMs or EPROMs are inserted; then 
IC5 sees 09P at its A, B and C-inputs (‘All’ 
is also O for this address block). The ac- 
tivating signal, logic zero, is also present at 
the enable inputs (pin 2 and pin 14), via N9. 
Thus the address decoder is switched on and 
provides a CE signal for IC8 at output 0. 
This RAM or EPROM is enabled. 

Next, let us assume that address 8800 
appears. There is a logic 1 on address line 
Al] but the output from IC4 is still ‘9900’. 
The address decoder switches to the next 
2K RAM or EPROM. Readers who feel 
like trying their hand at binary and hexa- 
decimal calculations can work out other 
examiples and create a memory chart for all 
possible settings of the DIP switches and 
wire links A...L. The example shows 
that 2, 4 and 8 K ICs cannot be mixed 
easily. 


If the memory area is organised in 8K 
blocks, the card will respond to all possible 
64 K addresses (even if ICs are not mounted 
in all positions). If, for example, the address 
8909 is selected, the memory is scanned 
from 8009 to FFFF, and then from (1)0900 
to (1)7FFF! If the monitor is located some- 
where in this area, something is bound to go 
wrong. There is a way of avoiding this, 
however: memory areas can be blocked 
with address lines Al6 and Al7 as required. 
The way in which this is done must be 
worked out in each case. Once again, the 
calculation example should be consulted. 
Wire links ‘0’ and ‘N’ at N1 and N2 can be 
used to select ‘active low’ or ‘active high’ 
control. A logic 0 must be present at the 
output of N9 (i.e. a logic 1 at all inputs) 
for IC5 to be activated, 


Control signals 

The control signals provided by the different 
types of processors are listed in the table in 
figure 4, next to terminals 27, 31 and 29. 
The 8085 processor cannot be connected 
without modifications, since the data and 
addresses must be de-multiplexed before 
they are applied to the memory card. The 
data bus buffer outputs data when the RD 
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signal is present. 

The memory card can also be used with a 
ZX 81. A@ ...Al4 and D@...D7 are 
connected to the computer in order to 
create a 16 K memory. The control signals 
are applied as for the Z80. The address is 
set to 400Mpex with the DIP switches 
(only close ‘4’), One more problem must 
be solved: the internal RAM in the ZX81 
operates in parallel with the memory card. 
The solution is to connect the RAMCS 
output (pin 2A) of the ZX81 to +5 V. 
Furthermore, the ZX81 does strange things 
with its Al5 output, so this input to the 
memory card should be connected to 
supply common instead. 

The 2650 processor can also be connected 
(TV games computer! ), 6502 operation is 
selected: OPREQ/2650 at 2/6502; invert 
R/W/2650 and apply to R/W/6502. In the 
TV games computer, the necessary R/W 
signal is already present at point 17. Also 
connect the address and data lines. Line 
M/iO remains unused, but this is no real 
disadvantage, because IO is rarely used. 
For the odd exception, M/IO and OPREQ 
must be combined externally. 

If the card is used in conjunction with the 
SC/MP system, bus line 27a must not be 
overlooked; the input of the SC/MP oscil- 
lator is connected here. With N5 connected, 
the oscillator may stop. The remedy is to cut 
this track (it has not been used so far) or to 
select the other connection point for the 
oscillator on the SC/MP CPU board. 


Power-down and battery backup 

The power-down circuit consists of transis- 
tors Tl... T3. It is used in conjunction 
with CMOS RAMS, and explained earlier. 
The operating voltage ‘R’ is present before 
the enable signal, because T1 is switched on 
before T2 (power-up). T3 serves as a switch 
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and D3 lights up when the operating voltage 
is present. The enable signal inhibits reading 
and writing via N10 and N11. 

The battery backup itself can consist of 
either disposable or rechargeable batteries. 
If the former are utilised, R37 must be 
omitted. For rechargeable batteries the value 
of the charging resistor can be calculated 
according to the rule of thumb: R37 is 
equal to 2.5 V divided by one twentieth 
of the battery capacity. 


RAMs and EPROMs 


The parts lists for the CMOS or MOS versions 
of the memory card obviously do not 
include all possible memory devices, but the 
types specified are a general designation for 
ICs with the same function, organisation 
and, hopefully, the same pinning. The pin 
assignments for EPROMs and RAMs are 
given in figure 5. Other information, par- 
ticularly on equivalent types, can be found 
on the info cards 75 ... 79. One important 
point to note is that the Texas Instruments 
EPROMs 2532 and 2564 can only be used 
if their pin assignments are matched to the 
equivalent memory ICs by means of an 
adapter socket. 

The RAM and EPROM types to be used 
are matched to the memory card accord- 
ing to ‘size’ and function, using the wire 
links at pins 23 and 27. This match applies 
to four ICs simultaneously (IC8...IC11 
and IC12...1C15)! A further subdivision 
is only possible if the corresponding tracks 
are cut and the pins wired separately. 


Timing 
Some problems may occur with the timing 
when connecting the memory card to 


different processors. The adjacent table 
shows which RAMs and EPROMs can be 
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used at different clock frequencies. There 
shouldn't be any problems unless fast CPUs 
are used, in which case it may be necessary 
to use faster EPROMs. The RAMs are fast 
enough (250ns). 

Control signal delays are also important in 
this context. The MREQ signal appears as 
the CE signal at the RAMs or EPROMs 
after a (typical) delay of 50 ns, caused by 
N3 (10 ns), N9 (10 ns), IC5 (20 ns) and 
IC3 (10 ns). The delay for the ©2 signal 
is: N5 (10 ns) — N3 (10 ns) — N10 (10 ns) 
equals 30 ns (typical), after which it ap- 
pears as OF or WE . In this case the CE 
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signal is obtained from the addresses. The 
delay caused by the data bus buffers is 
10 ns (typical). For these purposes we have 
assumed that the addresses are already 
present, i.e. that they have already passed 
the buffer and adder. Otherwise an ad- 
ditional delay of 37 ns (typical) would 
have to be added for this path. 


Construction 

Before mounting any components on the 
p.c. board (figure 6), it is always a wise 
precaution to check the board for short- 
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Parts list for MOS version 


Parts list for CMOS version 


Semiconductors: 


D1=AA119 
i : Resistors: ‘/g W D2 = 1N4148 
Resistors: Hepler yy D3 = LED red (not high 
1..,R4=1k INS a ffici 
RB... R25 = 100 k* eificlency) 

: R26.. R36=1k* 71,72 = BC 557B 
Capacitors: R37 wee T3 = BC547B 
C1...C4,C6,C7 = 100n Reseaen 1C1,1C2 = 74L8373 
C5=10u/16 V R39 = 2k7 IC3 = 74LS245 

: R40,R41 = 10k IC4 = 74LS283 
Semiconductors: R42 = 220 2 IC5 = 74LS156 
1C1,1C2 = 74LS373 R43 = 68 2 IC6 = 74LS240 
IC3 = 74LS245 *Note that 18 of the 100k IC7 = 74LS12 
IC4= 74LS283 | resistors can be replaced by 18... 1C15 = CMOS- 
IC5 = 74LS155 two 9x100 k single-in-line RAM 6116, 5564 or 
IC6 = 74240 resistor networks; similarly, similar see text, 

IC7 = 74LS10 one 9x1 k network can figures 4 and 5 
Ic8...1C15=RAM replace nine of the 1k Miscellaneous: 
and/or EPROM resistors, IC sockets 
see text, figures 4 and 5 4-pole DIP switch 
is! different from CMOS Capacitors: 64 pin connector 
versio. C1...C4,C6,C7 = 100n 2 i 3 aaa or 
= isposable batteries 
Miscellaneous: Col LO MAGN. see text 
IC sockets Nicad: 20PK 
4-pole DIP switch silveroxide: V 76 ris 
64-pin connector mercury: V675PX 


circuits, faulty tracks and continuity of the 
plated-through holes, using an ohmmeter 
or continuity tester. In general, however, 
boards supplied by Elektor should be in 
order. 

The wire links that determine the processor 
type can now be inserted and the-IC sockets 
soldered in. At this stage it is well worth 
taking the trouble of checking continuity 
in the IC sockets. Subsequent fault-finding 
is extremely tedious... The next step is to 
mount the resistors if it is going to be a 
CMOS RAM card. If the resistor networks 
specified in the parts list for the CMOS 
version are not available, normal resistors 
can be used instead. They are inserted 
vertically, and their free ends are inter- 


connected and brought down to the common 
terminal on the p.c.b. Mounting the remain- 
ing components should be no problem. Note 
that IC5 and IC7 are different for the CMOS 
and MOS versions! 
It is best to use two solderable, miniature 
nickel cadmium cells as the backup supply 
fora CMOS RAM. Large batteries will not 
fit on the p.c.b., but they can always be 
connected with two wires. 
This memory card should provide any 
personal computer with sufficient memory 
space. It should be noted that the card is 
designed for the Elektor bus. If it is to be 
used with other buses, an adapter must be 
improvised. 
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Figure 6, One p.c.b, for 
both versions (see parts 
lists), Readers wishing to 
use a memory card for 
experimenting with 
different processors should 
solder wires to the centre 
contacts of the ‘wire link 
switches’ on the p.c.b, and 
fit plug-in connectors to 
the free ends. Matching 
pins are then inserted into 
the terminals for the re- 
maining contacts. The 
memory card then be- 
comes truly universal. 


Wire links A... L when 
using: 


2 K RAM and EPROM: 


G=L 
F-K 
E-J 
D-I 
C-H 
4K EPROM: 
F=L 
E-K 
D-J 
C= 
B-H 
8 K RAM and EPROM: 
E-L 
D-K 
c-J 
B-I 
A-H 
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Prelude, the preamplifier in the Elektor XL range, is shaping up nicely! 
Literally, this month: all the modules, switches and controls are mounted on 
the bus board. This means that the final ‘shape’ is now defined, as well as the 
appearance: we can provide the front panel, and you can start looking for a 


suitable cabinet. 


The line amplifier is also described. This is a straightforward module: it 
provides linear no-nonsense gain. And, elsewhere in this issue, the ‘audio traffic 
lights’: that circuit will also be incorporated in the Prelude. 


Prelude ....: 


Don’t be so impatient! It seems incredible, 
but we have already received several letters 
from readers who are building the Prelude. 
Some are asking for more advance infor- 
mation; others are offering suggestions for 
the design. To both groups, our answer is: 
‘Read on’! So far (to our relief!) we have not 
received any design suggestions or requests 
that are not already included or surpassed in 
the Prelude. 

This month, the bus board and front panel 
make our intentions clear. All control func- 
tions are described, and the final interior 
measurements are known. Impatient con- 
structors can start on the cabinet! Further- 
more, we will give an extensive description 
of the line amplifier. Hopefully, this will 
satisfy those readers who have stressed 
that the design should be impeccable: the 
same basic circuit is used throughout the 


Prelude! 
Enough of this. Let’s get down to the nitty- 
gritty: 


The bus board 


This board forms the basic for all the mod- 
ules, switches and other controls. Witness its 
dimensions: 43.5 x 11.5 cm! These ‘peculiar’ 
measurements didn’t just happen: the board 
is tailored to fit standard 19” cabinets. 

The circuit shown in figure 1 is really little 
more than a wiring diagram for the various 
modules, R39...R42, D5...D7, T13 
and T 14 are part of the audio traffic-light, 
described elsewhere; the section around 
the volume and balance controls will be 
discussed when we come to the line 
amplifier, 

To avoid misunderstandings (these could 
prove rather frustrating at a later data) the 
final position of the bus board must be made 
absolutely clear. The copper track side 
faces the front panel, and the modules are 
mounted on the component side — at right- 
angles to the bus board, of course. Viewed 
from the front, the EPS p.c.board number 
on the copper track side should be at the 
upper left. 

The connections to the modules are indi- 
cated in figure 1. Any further explanation of 
the circuit would be redundant; instead, we 
will explain the controls, That should clarify 
the circuit (figure 1), the front panel (figure 
2) and, last but not least, the Prelude. 

The phono switch (S1) is not mounted on 
the bus board; it will be discussed in detail 
when we come to the MM/MC preamplifier. 
For the moment, suffice it to say that this 
control selects one of three inputs: one for 
Moving Coil cartridges and two for Moving 
Magnet (or ‘dynamic’) inputs. 

One of the five input signals is selected by 
the input switch (S2) and passed to the con- 
trol amplifier section. In combination with 
the phono selector switch, this means that 
there are actually seven signal inputs. The 
input sensitivities are individually adjustable, 
by means of presets on the phono preamp 
board and the connecting board. 

The tape 1 input and tape 2 input switches 
(S8 and S9, respectively) each select one of 
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the other Prelude circuits. 
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ELEKTOR XL 
AUX 
man TUNER TAPE1 “STF BEC 
< vl NH STEREO SE MONO 
PHONO TAPE 2 0 
TONE —20 dB E 
PHONO INPUT MODE DEFEAT VOLUME MUTE LEVEL POWER 


TUNER AUX TUNER 
PHONO TAPE2 PHONO TAPE 1 


REMOTE MANUAL 


TAPE 1 TAPE 2 CONTROL EXTERNAL BALANCE SPEAKERS PHONES controls are all located 
INPUT INPUT SELECT UNIT OFF above the centre line, 
Pee eee nn Hn nw oe Hn ee an en nn Hn en nn rn rn or rn rn en re rr ee rere eee: with the auxiliary controls 
below. The tone control 
section is also clearly 
indicated. 


Figure 2. The Prelude’s 
front panel (shown here at 
reduced size). The main 


3 Parts list for the bus board 


S2 = 2-pole 5-way 
rotary switch 

S3 = 6-pole 2-way 
rotary switch 

S4,S12 = 4-pole 2-way 
miniature toggle switch 

$5,S6,S7,S10 = 2-pole 
2-way miniature toggle 
switch 

S8,S9 = 2-pole 4-way 
rotary switch 

S11 = 3-pole 3-way 
rotary switch 

P6 = 50 k lin stereo 
potentiometer 

P7,P8 = 10 k lin stereo 
potentiometer 

PQ = 1 k log stereo 
potentiometer 

R18,R18'=1k 

R19,R19',R20,R21' = 1k8 

R21,R21' = 1202 

R22,R22' = 470 k 

R39,R40 = 27 k 

R41,R42 = 1k2 

D5 = red LED 

D6 = orange LED of 

D7 = green LED 

713,714 = BC 547B 

one stereo headphone 
output socket 

one mains switch 
(toggle type) 


these components are 
part of the ‘audio traffic 
lights’ status indicator 
circuit 


Figure 3. The bus board. 
For obvious reasons, this 
cannot be reproduced at 
full size. Virtually all the 
controls and modules are 
mounted on this board, 
reducing the wiring to 

a minimum. 
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Figure 4, The line amplifier 
circuit is based on the same 
‘discrete opamp’ that was 
used in the headphone 
amplifier. 
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the input signals for recording on an associ- 
ated tape deck. The setting of the main 
input has no effect on these switches. In 
other words, it is quite feasible to make a 
recording from one signal source (the record 
player, say) while listening to a different 
signal (the radio) via the headphones or loud- 
speakers, This system makes a ‘tape monitor’ 
switch redundant. Take an example: you 
want to make a recording from the radio, 
using tape deck 1, and monitor the recording. 
In this case, the tape 1 input selector is 
switched to ‘tuner’ and the main input 
switch is set to ‘tape 1’. To switch back 

to the ‘source’ signal, for comparison with 
the recording, the main input selector is 
switched to the ‘tuner’ position. Another 
possibility is to make a copy of a tape, 
using both tape decks. Say that the master 
tape is on the second machine: its output 
signal is passed to the first deck when the 
tape 1 input switch is set to the tape 2 pos- 
ition. In fact, you don’t even need to switch 
on the Prelude — unless you want to monitor 
the recording, in which case the main input 
selector can be set to tape 1 (monitor) or 
tape 2 (source). No messing around with 
cables: just flip the switches! 

The control select switch (S3) allows you to 
switch over to a remote control unit, if this 
is included in the system. In one position 
of the switch, the remote control unit is 
switched completely out of the circuit, so 
that it cannot have any effect on the signal 
quality; in the other position, the main input 
selector, tone, volume and balance controls 
of the Prelude are rendered inoperative and 
the remote control unit takes over these 
functions, A suitable control unit will be 
described in the near future. 

The external input switch (S10) is intended 
for inserting some auxiliary circuit in the 
main signal path, between the input selector 
and the tone controls. The ‘auxiliary circuit’ 
can be almost anything: a noise reduction 
system, equalizer, reverb unit or whatever. 
If you really want to, you can even include 
a third tape deck: the external input switch 
does the same job as the old ‘monitor’ 
switch. 


The mode switch (S11) is self-explanatory: 
it offers a choice between normal stereo, 
stereo-reverse (left and right channels trans- 
posed) and mono, 

The tone control section is clearly indicated 
on the front panel. It contains an ‘adequate 
minimum’: bass and treble controls (P6 
and P7) and two switches (S4 and $5) for 
selecting the turnover frequencies. 

Equally important, certainly for purists, is 
the tone defeat switch (S12): it renders the 
complete tone control section inoperative. 
The volume and balance controls (P9 and 
P8) do exactly what you would expect... 
The mute switch (S6) attenuates the output 
signal by 20 dB. This can be useful when 
answering the telephone, for example: the 
output level can be reduced drastically at the 
flick of a switch, without having to alter any 
of the control settings. 

The speakers off switch (S7) disconnects the 
main output to the power amplifier, when 
using headphones only. 

Finally, there are three ‘level’ LEDs that 


belong to the ‘audio traffic lights’ (described 
elsewhere in this issue), the mains switch 
(‘power’) and the headphone output. 


Things are taking shape 


The dimensions of the bus board are such 
that we can only fit a 70% reduced repro- 
duction on these pages (figure 3). As men- 
tioned earlier, it is designed to fit a 19” 
cabinet. 

Before actually mounting any components, 
it is a good idea to check whether all the 
switches, potentiometers and the headphone 
socket fit neatly through the holes provided. 
Note that the phono switch ($1) is not 
mounted on the bus board: it is located on 
the preamp module, with the spindle pro- 
truding through the small hole in the bus 
board. 

Good quality rotary switches and poten- 
tiometers should be used: crackly controls 
and worn switches can be sheer frustration in 
a project of this nature! The other switches 
can be miniature toggle types, and the holes 
in the bus board are designed to accept them. 
The mains switch should be a more robust 
device, of course, and its hole is correspond- 
ingly larger. 

All the potentiometers and switches are 
inserted in the board from the component 
side, with their spindles or toggles protruding 
on the copper track side. In other words, the 
copper faces the front panel, Short wire 
links are used to connect the controls to the 
board. The wiring to the potentiometers is 
straightforward, but some of the switches 
are more complicated. Take careful note of 
the indications shown on the board and 
refer to the circuit when wiring the rotary 
switches, The mode switch is even more 
complicated, since the wiring is all mounted 
between the tags on the switch itself: the 
board merely provides the connections to 
and from this switch. 

The toggle switches and headphone socket 
are all connected to corresponding solder 
pads on the board. With one exception: the 
mains switch, For obvious reasons, the mains 
lead is connected directly to the switch it- 
self; the copper ring on the board under this 
switch can be connected to mains earth. 

The handful of resistors, T13 and T14 and 
the wire links are all mounted on the com- 
ponent side of the board in the indicated 
positions, The three LEDs are mounted on 
the copper side of the board, in such a way 
that they are just flush with the front panel. 
This means that their height above the bus 
board will depend on the distance between 
this board and the front panel. 

All the completed modules can now be 
mounted on the bus board. So far, we have 
described the power supply, the connecting 
board and the headphone amplifier. This 
month, we are adding the line amplifier 
and the status indicator (the ‘audio traffic 
lights’). The positions of these boards were 
indicated in part 1, figure 3. It is advisable 
to use fairly stiff leads for the wire link con- 
nections between the boards, since this 
makes for a more rigid construction. Note 
that the links can be mounted on either side 
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of the module boards. The size of the actual 
potentiometers and switches used deter- 
mines whether it is more practical to mount 
the connecting links on the copper side of a 
given module instead of on the component 
side: either way may give just that little 
extra room that is needed. 

No matter how the connections are made, 
one thing is important: the links must be 
made between corresponding points on the 
module and the bus board! In practice, this 
means that the orientation of the boards 
differs. For the modules described so far, the 
component side of the connecting board, 
headphone amplifier and power supply face 
towards the right-hand end of the cabinet; 
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the line amplifier and ‘audio traffic lights’ 
face the other way. 

The connections between the mains input, 
fuse, switch, transformer and supply board 
should be tied down to the cabinet at 
regular intervals. Keep them well away from 
the sensitive input circuits! 

By now, we can get a clear impression of 
what the complete Prelude is going to look 
like. The missing modules will be the same 
size as those already mounted, so the final 
internal measurements are known. If you 
like, you can start working on the cabinet! 


The line amplifier 
This module accepts the output signal from 
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Parts list line amplifier 


Resistors: 
R1,R1'=1M 
R2,R2',R4,R4’ = 68 k 
R3,R3’ = 3k3 
R5,R5',R10,R10' = 2k7 
R6,R6' = 2k2 
R7,R7',R8,R8' = 4k7 
R9,R9’ = 22k 
R11,R11', 
R16,R16' = 330.2 
R12,R12', 
R17,R17' = 680 2 
R13,R13', 
R14,R14'= 102 
R15,R15’=1k 
P1,P1'= 1k preset 


Capacitors: 
C1,C1',C4,C4’ = 22u/10 V 
C2,C2',C7,C7' = 220 w/4 V 


C3,C3’ = 33 p 
C5,C5',C6,C6' = 100n 
Cy,Cy! = 22 p* 


Semiconductors: 


TH se NOTA ee Tl 
T8,T8', 


T10,710 
T9,T9' = BD 140 
711,711’ = BD 139 


Miscellaneous: 


2 cinch-type output 
sockets, screw mounting 


* Note that capacitors Cy 
and Cy’ must be mounted 
on the copper-trac k side of 
the board, across R4 and 
R4’. No mounting holes 
are provided! 


the tone control section and boosts it to a 
level that is sufficient to drive the power am- 
plifier. In our case, this corresponds to a 
voltage gain of about 26 dB (x 22). 

As shown in figure 4, the same ‘discrete 
opamp’ circuit is used as in the headphone 
amplifier. Why all this complexity, when 
you can obtain complete single, dual and 
even quad opamps in a DIL package? As you 
might expect, it’s a question of performance: 
the discrete version is superior to the inte- 
grated type. It produces less noise, has a 
higher slew-rate and a larger open-loop gain. 
Admittedly, some very good integrated op- 
amps exist, but they also have a disadvan- 
tage: they are expensive... 


Having said all this, it is worth taking a 
closer look at the circuit. Transistors T1 and 
T2 are connected as a differential amplifier 
(or ‘long-tailed pair’). The common emitter 
connection of these transistors is connected 
to a current source (the ‘tail’) that maintains 
a constant total current through the two 
transistors, independent of the base drive 
(over the range that we are interested in, that 
is). The current source, T3, is set so that the 
current through Tl and T2 corresponds to 
the minimum-noise value for these devices. 
The collector load for T1 and T2 consists of 
a current mirror (T4, T5). This effectively 
blocks supply ripple and ensures that a 
‘clean’ output signal is passed to the next 
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Figure 5. The printed 
circuit board for the line 
amplifier consists of two 
sections; these must be 
separated before any com- 
ponents are mounted, and 
the smaller section that 
accepts the output sockets 
is mounted at rightangles 
along the rear edge of the 
main board. Note that the 
connections from the 

bus board to the output 
sockets must be made with 
screened cable, running 
along the lower edge of the 
module; two pairs of 
solder pads are intended 
for mounting wire bridges 
to hold the cable neatly 

in position. 
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stage. Incidentally, the current mirror also 
boosts the output from the first stage. This 
may not be immediately apparent, but 
think of it this way: assume that the input 
swings negative, so that Tl draws less cur- 
rent and T2 draws proportionately more. 
This larger current must also pass through 
T5, and the current mirror operation forces 
the same larger current to flow through T4. 
So we have more current flowing down 
towards T1, at the same time that the cur- 
rent through this transistor is decreased by 
the same amount. In effect, therefore, the 
output current from this stage is doubled; 
or, to put it another way, the voltage swing 
at the collector of T1 is the result of the 
combined efforts of Tl and T4. 

The current mirror itself is not perfect — 
that would require perfectly matched tran- 
sistors and a compensation mechanism for 
the common base drive current. However, 
for this application two discrete devices of 
the same type are good enough, and the 
emitter resistors (R7 and R8) help to reduce 
the effect of any differences in their charac- 
teristics, 

The high output impedance of the first stage 
means that the next stage should have a high 
input impedance. This is achieved by using a 
Darlington configuration (T6, T7). The 
collector load for the Darlington is another 
current source, T12, so that the total gain is 
quite high. 

The output stage consists of two ‘super- 
Darlingtons’ (T8/T9 and T10/T11) in a class- 
A push-pull configuration. This makes for 
very low distortion and good load-handling 
capability. P1 sets the quiescent bias current 
through the output stage. 

Capacitor C3 provides the frequency com- 
pensation needed for good stability. Don’t 
be misled by the low value: this capacitor is 
connected between two very-high-impedance 
points. 

The closed-loop gain of the opamp is deter- 
mined by the feedback to the base of T2: by 
the ratio of R3 to R4, in other words. To be 
precise, the overall gain is A= 1 + Be with 
the values shown, this works out at 22 times. 
For DC the circuit has unity gain, owing to 
the effect of C2; the —3 dB point is approxi- 
mately 5 Hz, 


Finally, a few words about the current 
sources. R9 and R15 constitute a voltage 
divider, so that there is a drop of about 
1.3 V across R15. Capacitor C4 serves to 
smooth this voltage, effectively eliminating 
any supply ripple or other undesirable inter- 
ference, The bases of both T3 and T12 are 
connected to this point. The voltage drop 
across the emitter resistors must therefore 
be constant: 1.3 V minus the 0.6 V base- 
emitter drop (0.6 V is a closer approxi- 
mation than 0.7 V at the small currents 
involved). A fixed voltage drop can only 
appear across a fixed resistor if the current 
is also constant, and the same current must 
flow in the collector of the associated tran- 
sistor. Hence, the whole circuit works as a 
current source, with the current being deter- 
mined by the value of the emitter resistor. 
The output from the line amplifier is fed to 
the balance and volume controls. These were 


shown in figure 1. The balance control is 
wired in such a way that it does not quite 
provide a constant total output: as it is 
rotated away from the mid position, one 
channel is attenuated and the gain in the 
other channel only increases marginally — 
not quite enough to keep the total output 
apparently constant. In practice, this type of 
control characteristic gives a more natural 
effect than the constant level type. 

As described earlier, the mute switch pro- 
vides a 20 dB drop in level: R19...R21 
and P9 work as 1:10 voltage divider. The 
volume control, P9, is at the output of the 
preamplifier. This has the advantage that any 
noise produced by the circuit is reduced as 
the output level is turned down, thus effect- 
ively maintaining the same signal-to-noise 
ratio. There is no need to incorporate this 
control at an earlier point, since there is no 
danger of overloading any of the preceeding 
stages. They all have adequate headroom, 
and the sensitivity of each input is adjusted 
to suit the associated signal source by means 
of the presets described earlier. 


Construction 

The line amplifier p.c.b. is shown in figure 5. 
The section with the output sockets must 
be separated from the main board, and 
mounted at rightangles on the rear edge. The 
completed module can be mounted on the 
bus board at the indicated position, near the 
volume and balance controls. The resistors 
associated with these controls and the mute 
switch are located on the bus board. 

The quiescent current through the output 
devices (T9/T11 and T9’/T11’) must be set 
to 15 mA, by means of P1 and P1’. The 
procedure is as follows: 


™ Rotate Pl and P1’ fully clockwise, viewed 
from the component side of the board. 
This sets the wiper at the free end of the 
potentiometer, effectively shorting it. 
= Connect a multimeter between the col- 
lectors of T9 and T11 (across R13 and 
R14, in other words); the collector of T9 
is the positive connection. 
= Now (and not before!) switch on the 
Prelude. Rotate P1 slowly until the meter 
indicates 320 mV. 
m= Repeat the procedure for the other 
channel (P1’), 
If you like, you can now check the various 
voltages indicated in figure 4. The DC level 
at the R13/R14/C7 junction should be 
within 50 mV of OV. 
One final note, regarding the construction: 
the connections from the bus board to the 
output sockets should be made with screened 
wire, of course. This cable should run along 
the lower edge of the line amplifier board, 
on the copper track side. In two places, a 
pair of copper pads are provided on the 
board. The idea is to mount a little wire 
bridge over the screened cable at these 
points, to hold it neatly in place. 
That’s it, for this month. In part 3 we will 
describe the tone control section and the 
phono preamps. After that, you can start 
putting Prelude through its paces! 
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Dynamic RAM card for ZX81 


How do you connect the 16K Dynamic 

RAM card (April 1982) to a ZX81? This is 

a fairly simple job: 

= disable the ZX81's internal 1K mem- 
ory, by connecting pin 2A on the con- 

nector (RAM CS) to the +5 V supply. 

™ connect address line A15 on the dy- 
namic RAM card to supply common. 

(Don't ask us why...) 

= mount the wire links for a Z80, ac- 
cording to table 1 in the original article 

(p. 4-33). pec 

™ connect the address and data lines, WR, 
RD, MREQ and RFSH to the corre- 

sponding points in the ZX81, with the 

exception of address line 15 as mentioned 

above. 

= mount wire links from points 4, 5, 6 
and 7 near IC11 to V, W, X and Y,to 

locate the card from address 4000}. 


Video text without a receiver 


Readers who own a home video recorder 
with video output can dispense with the 
receiver p.c.b, of the Elektor video text 
receiver and connect the decoder to the 
video output of the recorder, In this case, 
the TV tuner of the recorder serves as re- 


ceiver, However, there is a small problem in 
practice: video outputs ate standardised at 
a level of 1Vpp, whilst the video text 
decoder requires an input voltage of 
2.6 Vpp. This is no problem if one 
connects the video signal amplifier illus- 
trated here between them, The amplifi- 
cation can be set between 0 and a factor 
of 4 by means of the trimmer. 


The microcomputer as a source 
| of interference 


‘Whenever | work with my microcomputer 
the FM-radio has a high noise level. What 
causes this interference and what can | do 
about it? 

Every microcomputer system operates 
with relatively fast logic ICs, such as 
Schottky TTLs, This means that the digital 
signals have rapid-rise slopes which pro- 
duce harmonics extending far into the 
VHF/UHF region. This causes interference, 
and not only to FM stereo reception, 
The problem is not restricted to home 
made microcomputers; some commercially 
built microcomputers, particularly teach- 
ing and experimental systems, can unfortu- 
nately be classed as sources of electro- 
magnetic pollution. The only solution is to 
install the microcomputer in a (metal) 
screened housing with an earth connection; 
it may also be necessary to fit a mains 
RF-suppression filter. Screened (coaxial) 
cable should be used for connections 
between the computer and_ peripheral 
equipment. These precautions apply to all 
digital equipment using fast logic, 


Polyphonic simplification 


A ‘real’ polyphonic synthesizer requires 
complex circuitry, a fact which seems to 
have prompted many readers to come up 
with ideas for simplifying the circuitry. 
We are grateful for the many suggestions, 
although none of them has yet provided 
the ultimate in simplification. One pro- 
posal that is frequently encountered is to 
arrange for only the VCOs to be poly- 
phonic and to operate them jointly via a 
single VCF or VCA. This involves a con- 
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siderably saving in circuitry, but we then 
lose our polyphonic tone formation. The 
first key to be pressed triggers the envel- 
Ope curve; a note that is subsequently 
played by another VCO then drops into 
the decaying envelope curve of the existing 
note. This then brings us back to mono- 
phonic playing or chords only. 


When is a buzzer not a buzzer? 


All buzzers were not created equal and the 
conditions required to make them buzz 
vary from one type to another. The 
‘piezo-buzzer’ frequently used by Elektor 
(see circuit symbol below) is actually a 


high-impedance miniature loudspeaker 
(piezo-electric) with a high degree of 
efficiency over the frequency range 


between 3.5 and 5 kHz, with a maximum 
at 4.6 kHz. Like every other loudspeaker, 
an audio-frequency signal must be applied 
to it. The circuit therefore contains an 
oscillator to generate this signal for the 
buzzer. 
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Miniature d.c. buzzers are commonly 
available; these must be operated with a 
d.c. voltage. These are not intended for 
use in circuits designed for ‘passive’ piezo- 
electric buzzers and vice versa. So please 
check the type of buzzer specified in the 
circuit diagram and text to avoid any 
problems. 

Why does Elektor use passive piezo- 
electric buzzers? Because of the low 


current consumption and more pleasant 
sound, 
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constant 
contrast 


Figure 1. The OPL 100 is 
an opto-electronic sensor, 
intended for automatically 
matching the brightness of 
light-emitting displays to 
the ambient light. The chip 
is accommodated in a 
transparent 8-pin dual-in- 
line package and includes a 
photo-sensitive diode in 
addition to the necessary 
control electronics. 
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The clarity and legibility of a light-emitting display is governed more by its 
contrast with the background at minimum brightness, than by the brightness of 
the illuminated characters. There is a direct relationship between brightness of 
the background and ambient light, and so a desirable feature is for the 
brightness of the display to adapt itself automatically to ambient light so that 
the contrast remains the same. The OPL 100, a monolithic integrated display- 
dimmer, has been specially developed for this purpose. 


aquiomatic display- 
dimmer 


For clear readout under varying ambient 
light conditions, the brightness of the dis- 
play needs to be proportional to the amount 
of ambient light, so that the display becomes 
dimmer as the ambient light decreases. The 
range of variation must however be limited, 
since a minimum amount of brightness is 
required to enable the characters to be read 
in total darkness. The brightness range also 
must have a maximum limit in order to 
prevent the display from being damaged. 

In principle, regulating the brightness of a 
light-emitting display is synonymous with 
regulating its current or voltage. This may 
sound simple, but is beset with problems 
when put into practice. Displays are usually 
driven directly by a special IC with a rather 
narrow supply voltage range, and by varying 
this alone it is not possible to regulate the 
brightness. If the display driver is provided 
with a blank-input, there is a better solution. 
Since a logic level at this input determines 
whether the display lights up or not, ap- 
plying a square-wave of sufficiently high 
frequency to the blank-input will reduce 
the average current through the display. 
Furthermore, the duty cycle of the square- 


wave determines the apparent brightness. 
Even if there is no blank-input, duty-cycle 
regulation can be employed by means of 
additional circuitry which we will examine 
later, 

To be able to regulate the brightness of the 
display (i.e. the current through it) as a 
function of ambient light, we can make use 
of an ABC-sensor (automatic brightness 
control) specially developed for the purpose. 
The OPL 100 (TRW Optron) is an 8-pin IC 
(see figure 1) which is encapsulated in a 
transparent package. It contains a photo- 
diode having a light-sensitive surface of 
1.7 mm?. As shown in figure 2, it also con- 
tains a temperature-compensated current 
amplifier, an operational amplifier set for 
unity gain, four comparators, one flip-flop, 
an output buffer and some control logic. In 
addition to all that it also features at on- 
chip voltage stabiliser which can handle 
supply-voltages ranging from 4.5 to 24 V. 
With an external RC network (Rx and Cx) 
connected to pin 5, a sawtooth voltage is 
produced as the capacitor is alternately 
charged through Ry and discharged via the 
internal transistor. The frequency is approxi- 


. The sawtooth volt- 


Ry Cx 
age varies between two limits established by 
comparators Ulow and Uhigh, and the 
‘signal’ comparator compares this voltage 
to a voltage at pin 1 that is derived from the 
ambient light. During each period of the 
sawtooth waveform, this voltage will initially 
be less than the voltage at pin 1; the ’’signal”’ 
comparator ensures that the output (pin 7) 
1s positive. As soon as the sawtooth wave- 
form rises above the voltage at pin 1, the 
output of the ‘signal’ comparator and hence 
the output at pin 7 goes low (approximately 
0.4 V), as shown in figure 3. 

As the ambient light intensity increases, so 
does the voltage at pin 1. It will take longer 
for the voltage at pin 5 to exceed it, and so 
the output at pin 7 remains positive for a 
longer part of the period. This results in 
increasing brightness of the display, main- 
taining constant contrast. 

Since the upper limit of the sawtooth volt- 


mately equal to 


cx 


83036 - 2 a 


Vee 
2 
supply voltage (Ugc), the frequency of the 
sawtooth voltage is independent of the 
supply voltage. As the supply voltage drops, 
however, the duty cycle (Tp : T) of the out- 
put voltage will increase. When the ABC- 
sensor is used in battery-powered equip- 
ment, this effect will help to counter the 
decrease in display brightness caused by any 
decrease in supply voltage. The duty cycle, 
and hence the brightness of the display at a 
particular ambient light intensity, can be 
adjusted with Pl. 
A buffer amplifier output voltage is present 
at pin 3 which is a function of ambient light 
intensity. This is intended for use when 
several ABC display-dimmers are used in a 
large system: this voltage from one (master) 
sensor can be connected to pin 1 of the 
other (slave) dimmers, resulting in the same 
brightness over the total display area. 
The trigger input (pin 4) makes it possible to 
synchronise the output pulses by means of 
an external signal. This is necessary with 
multiplexed displays for example, to be 
covered later, If the trigger input is 
grounded, then the sawtooth generator stops 
and no output voltage is present (display is 
turned off). For the basic (asynchronous) 
mode described so far, the supply voltage 
should be applied to this input. 
Use of the ABC-sensor is not restricted to 
LED displays; fluorescent displays are again 
gaining ground, and they can be provided 
with variable brightness if their grid voltage 
is controlled by means of this sensor. 


age follows any variations in the 


Basic circuit 

Figure 4 shows a basic circuit using the 
OPL 100. It will control a display so that it 
becomes brighter in intense ambient light 
and less bright in the dark. The sensitivity 
can be adjusted with pin 1 and resistor Rl 
ensures that the display does not go out 
completely at low ambient light levels. The 
level at which this becomes noticeable 
depends on the value of R1 and the setting 
of P1; the value of R1 should be between 
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100k and 2M2. Lower values result in 
greater brightness in the dark. The task of 
capacitor C3 is to suppress the 100 Hz 
‘ripple’ generated by artificial lights. This is 
especially important when the displays are 
multiplexed, as a stroboscopic effect might 
otherwise result in noticeable flickering of 
the display. 

A similar problem can occur if the frequency 
of the ABC output can interact with the 
multiplex frequency. This can be eliminated 
by synchronising the ABC-sensor with the 
multiplex signal, via the trigger input (pin 4) 
of the OPL 100. The positive edge of the 
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Figure 2. The internal 
structure of the OPL 100. 
Ry and Cy are the external 
components for a sawtooth 
generator. Comparators are 
used to derive a square- 
wave from the sawtooth 
voltage; the duty cycle has 
a linear relationship to the 
ambient light measured by 
the photo-diode. The 
square-wave voltage, with 
its varying duty cycle, is 
used for brightness control 
of the display. 


Figure 3. The basic 
operation of the OPL 100 
is illustrated here. The 
sawtooth voltages varies 
between two limits, and 
when it crosses the thres- 
hold voltage Uc the output 
voltage Ug changes level. 
As the intensity of the 
ambient light varies, the 
threshold Ug shifts and the 
duty cycle of the output 
voltage Ug varies 
accordingly. 
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45V<Up<24V 


4.5 V< Up < 24V 


83036-4 


N4 = IC2 = 4081* 
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trigger pulse must then coincide with the 
start of the enable time of each digit and the 
frequency chosen for the output voltage of 
the ABC-sensor must be slightly lower than 
the trigger frequency (i.e. the multiplex 
frequency in this case). 


Practical applications 

The programmable darkroom timer 

Figure 5 shows how the display brightness of 
the programmable darkroom timer (else- 
where in this issue) can be dimmed auto- 
matically, using the ABC-sensor. The circuit 
can be incorporated in the darkroom timer 
as follows. The ULN 2003 (IC2) is removed 
from the darkroom timer p.c.b. The circuit 
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of figure 5 and the ULN 2003 are then 
mounted on a separate (perforated) board; 
the connections shown in figure 6 are made 
between the circuit of figure 5 and the 
ULN 2003. The numbers of the terminals on 
the left and right in figure 6 correspond to 
those of the ULN 2003, so that the board 
can be inserted in the previous location of 
the ULN 2003 on the darkroom timer p.c.b. 
Once this has been done, the sync input of 
the added board is connected to pin 10 of 
IC1 (WD 55). Additionally, a 22 n capacitor 
must be soldered between the collector and 
emitter of Tl (on the timer p.c.b.) to 
prevent interfering pulses on the supply line 
from upsetting the drive of the timebase 
input of the WD 55. 

The ABC-sensor must be arranged so that it 
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Figure 4. The basic circuit 
of the OPL 100. The sensi- 
tivity can be adjusted with 
P1. Resistor R1 is included 
in order to ensure that the 
display does not become 
too dim when insufficient 
light impinges on the 

OPL 100. Capacitor C3 
suppresses the 100 Hz light 
ripple generated by 
artificial lighting. To 
prevent flickering of 
multiplexed displays, the 
OPL 100 can be synchron- 
ised with the multiplex 
signal via the trigger input 
(pin 4). 


Figure 5. If the blank- 
input of the display driver 
cannot be used, it is still 
possible to create an 
automatic display-dimmer 
with some extra circuitry 
as shown here. The current 
for each digit is regulated 
via gates N1 to N4. 


Table 1 


Uce Supply voltage (pin 8) 

Ice Current consumption (pin 8) 
Ur Reference voltage diode (pin 2) 
Uo} Output voltage, low (pin 7) 
Uoh Output voltage, high (pin 7) 


lo} Output current sink (pin 7) 
loh Output current source (pin 7) 
Ut Trigger voltage (pin 4) 


Temperature range type OPL 100C 
type OPL 1001 


45...24V 

25 mA max. 
0.4...08V 
0.4 V max. 

13 V min. (C type) 
20 V min. (I type) 
—50 mA min. 

20 mA min. 

9 V max. (C type) 
14 V max. (I type) 
0...+70°C 
—20...+100°C 


Note: the data apply to the type OPL 100C at Uce = 16 V and 


type OPL 1001 at Ugg = 24V. 


can ‘see’ the ambient light. The sensitivity 
can be adjusted with P1 to a particular 
ambient light intensity. R1 can be replaced 
by a resistor of a different value if the dis- 
play is too bright or too dim in the dark; the 
greater the value of Rl, the dimmer the 
display (in the dark), The value of R1 must 
not be less than 100 k. 


The ABC-sensor and the MK 50398N 


Various Elektor projects make use of the 
MK 50398N LSI counter, a large scale 
integration chip equipped with most of th 
the primary functions for digital counters. 
Examples of applications of this device are, 
for example, the revolution counter 
(September 1981) and the shutter speed 
meter (October 1981), The ABC-sensor can 
be incorporated in these circuits quite simpl 
simply. The basic circuit of figure 4 is used. 
Connect the output of the ABC-sensor to 
pin 16 of the MK 50398N, after removing 
the 120 p capacitor from this point. The 
trigger input (sync) of the OPL 100 need not 
be used, because synchronisation is provided 
internally via pin 16 of the MK 50398N: 
the display driver is now synchronised by 
the ABC circuit! The positive supply voltage 
is applied to pin 4 of the OPL 100. Do not 
forget to connect the supply voltage (posi- 
tive and ground) of the ABC circuit to the 
MK 50398N. 


The 6502 housekeeper 


The 6502 housekeeper (May 1982) can also 
be provided with automatic dimming. The 
circuit of figure 5 is used here. Once again, 
there is no need to use the trigger input of 
the OPL 100 and it should be connected to 
the supply voltage. The value of C2 must be 
increased to 12 n, and resistors R4 to R7 can 
be omitted. A 74LS08 is used for N1 to N4 
and three further gates must be added 
(connected in the same way as N1 to N4), 
since the 6502 housekeeper has a 7-digit 
readout: six 7-segment displays and a group 
of seven LEDs, The ULN 2003 (IC5) from 


6 


the 6502 housekeeper board is mounted, 
together with the ABC circuit (figure 5), 
on a small perforated board as shown in 
figure 6. The three extra gates are connected 
in series with inputs 5, 6 and 7 of the 
ULN 2003 (figure 6). The board can be 
fitted in the previous location of the 
ULN 2003 on the 6502 housekeeper p.c.b. 
The sync input of the ABC circuit should be 
connected to the positive supply. 


We hope that these examples will be useful 
for practical application of the ABC-sensor. 
The specifications of the OPL 100 are listed 
in table 1 for readers wishing to design their 
own automatic display-dimmer circuits. 
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Figure 6. To equip the 
programmable darkroom 
timer or the 6502 house- 
keeper with an automatic 
display-dimmer, the 

ULN 2003 in those circuits 
can be mounted on a board 
which also accommodates 
the circuit shown in 

figure 5. 


3-49 


reaction tester 
elektor march 1983 


with variable 
waiting time 


based on an idea 
submitted by 
L. van Boven 


3-50 


Strictly speaking, this circuit is too good for a ‘mere game’, although it can 
certainly bea lot of fun. The reaction time is indicated to within one tenth of 
a millisecond ona 4-digit display, and the circuit can also evaluate the 
difference between the reaction times of two persons and indicate which one 


pressed his button first. 


reaction tester 


Not only do reaction testers provide a lot of 
fun for all ages, they can also be used for 
more serious applications (testing a driver’s 
reactions, say, or an athlete’s reflexes). 

The unit is simple to operate: once the start 
button has been pressed there is a delay 
period until a LED lights up. The challenge 
then is to press a button as quickly as 
possible. The elapsed time (between the 
LED lighting up and the button being hit) 
is measured, and indicated as reaction time 
in milliseconds on a 4-digit display. 

It is also possible for two people to compare 
their reaction times. In this mode, each 
person must press his own button when the 
LED lights up. The difference in elapsed 
time between the pressing of both buttons 
is then indicated on the display. Two further 
LEDs indicate which of the two contestants 
pressed his button first. Since only one LED 
can light up at any one time, home quizzes 
can be arranged on the principle of the TV 
version: the first one to press a button may 
reply first and gains a point. 


The circuit 

The circuit of the reaction tester contains 
well-known ICs. The timer IC4 is used as a 
monostable multivibrator with a period time 
that can be adjusted from 2 to 15 seconds 
by potentiometer P2. This provides a variable 
delay between the pressing of the start 
button and the lighting up of the LED. The 
monostable is triggered by start button S4. 
Gates N1...N4 form two set-reset flip- 
flops whose set inputs are connected to the 


reaction buttons $1 and S2 of the two 
players; the reset inputs connected to the 
start button (S4). The set inputs are also 
connected to the positive supply via pull-up 
resistors Rl and R2. S1, S2 and the base of 
transistor T5 are connected to the output 
of monostable IC4. The output signal of IC4 
causes transistor T5 to turn on and activate 
D3, the reaction LED. 

When S4 is pressed the monostable multi- 
vibrator starts and the flip-flops are reset. 
The outputs of N1 and N3 are at logic 0. 
Additionally, IC5 (counter and display 
driver) is reset via N7 so that the display 
indicates ‘000.0’. During the delay time of 
the monostable, the output of IC4 (pin 3) 
is at logic 1 so that LED D3 remains dark 
and a logic 1 is present at S1 and S2. Pressing 
$1 and/or $2 during this delay time there- 
fore has no effect. At the end of this period 
the output of IC4 goes to logic 0, causing 
D3 to light and buttons $1 and S82 are 
enabled. The circuit is now ready for the 
players’ reactions! 

The outputs of N1 and N3 are connected 
to the inputs of EXOR gate N9. This controls 
an astable multivibrator consisting of N8 and 
N10, which in turn delivers square-wave 
signals for the clock input of IC5. During the 
delay time of monostable IC4, the outputs 
of N1 and N3 were at logic 0 so that the 
square-wave generator was inhibited via N9. 
Now, as soon as one of the players presses 
his button and the corresponding flip-flop 
toggles, the output of N9 goes to logic 1 
and the square-wave generator is enabled. 


The number of pulses generated between the 
pressing of S1 and S2 is registered by IC5, 
evaluated and indicated on the display. 
Since the frequency of the square-wave 
generator is set to 10 kHz and the decimal 
point lights up in LD3, the reaction time 
(difference) can be read off in milliseconds 
up to a maximum measurement time of 
999.9 ms. 

N5, N6, T6, T7, D1, D2 and R5 evaluate 
which of the two players pressed his button 
first. D1 lights up if S1 was pressed first, 
and D2 lights if S2 was pressed first. NS and 
N6 form an interlock circuit ensuring that 
only one of the two LEDs can light up at 
any one time. 

IC5 contains a counter and a complete 
display control circuit with drivers and 
multiplexers for a 4-digit display. The 
display segment currents are limited by 
resistors RO... R15. 

The circuit described so far is for a reaction 
time-difference tester. It can be converted 
to a reaction tester for one person, simply 
by adding a single switch. This switch (S3) 
is connected in parallel with S2. When it is 
closed the multivibrator is started immedi- 
ately after LED D3 lights up. If S1 is pressed, 
the time elapsing between the LED lighting 
up and S1 being pressed appears on the 
display. 


The power supply for the circuit must be 
capable of supplying at least 450 mA at 
SIV; 


Construction 


The wiring is not critical. However, capacitor 
C4 should be as close to pin 8 of IC4 as 
possible and C5 should be close to pin 16 of 
IC5. 

A frequency counter is required for accurate 
calibration of the astable multivibrator. 
Adjust P1 so that the frequency is precisely 
10,000 Hz. If no frequency counter is avail- 
able, P1 can remain set to its midpoint. In 
this case the displayed time will not be so 
precise, but in most applications this is not 
so important. 

The power supply simply consists of an 
appropriate mains transformer with bridge 
rectifier, smoothing capacitor and 5 V 
voltage regulator IC (with heatsink). 

The front panel of the housing contains the 
two LEDs D1 and D2 and, immediately 
below them, the corresponding buttons $1 
and $2. The start LED (D3) should be 
situated between the two buttons so that 
it can be clearly recognized by both players. 
Start button $4, potentiometer P2 (delay 
time adjustment) and mode switch S3 
should also be positioned on the front 
panel. 


Ni. 


NS ...N7 =% IC2= 4011 
N8 ... N10 = %1IC3 = 4070 


N4 = 1C1 = 4011 


11... 74 = BC 337, 338 


LD1 « LD4 = 7760(D) 


15 
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Figure 1. The circuit of the 
reaction tester. The unit 
can be used for measuring 
the reaction time of one 
person or the difference 
between the reaction 

times of two people, The 
delay time can be varied 
with P2, 
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Light-sensitive devices are used in 

all kinds of fascinating applications: 
light-meters, cybernetic models, 
movement sensors — even optical 
communication links. We get the 
distinct impression, however, that 
many circuits are developed by means 
of enthusiastic trial-and-error — with 
little regard for basic principles. 

This can be great fun, admittedly: 
the result tends to perform in 
unexpectedly spectacular ways! 

We don't really like printing 
‘theoretical’ or ‘educational’ articles, 
In this case, however, some back- 
ground information seems long 
overdue. Furthermore, we have two 
practical circuits to offer: a light gate 
and a distance meter. 


O,1C! 


using photodiodes 


~ &se 


A photodiode can be described as a ‘light- 
controlled current source’, or as a ‘light-to- 
current converter’, if you prefer. When light 
falls on the diode, this results in a tiny (pro- 
portional) current, as shown in figure la. 
This current flows from cathode to anode. 
In theory, the anode of an ideal uncon- 
nected diode would become more and more 
positive, until the voltage across it caused 
the diode to conduct. A current would then 
flow in the opposite direction, from anode 
to cathode; in the equilibrium state, the two 
currents would cancel out and a voltage 
would appear across the diode. 

This is all grossly oversimplified theory, of 
course: in practice, there will always be 
some kind of leakage resistance across the 
diode: this is shown as Ry, in figure 1b. This 
load resistance is partly internal; any exter- 
nal load is connected in parallel. All in all, 
the photocurrent from cathode to anode 
(which is proportional to incident light) is 
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Figure 1. A photodiode 
can be considered as a cur- 
rent source that is con- 
trolled by the light that 
falls onto it. The photo- 
current flows from cathode 
to anode. 


Figure 2. A photodiode 
can be used in two ways. 
The voltage across the 
diode can be measured 
directly (2a); alternatively, 
a reverse bias is applied and 
the current through the 
diode is measured. These 
two basic modes are re- 
ferred to as the photo- 
voltaic mode and the 
photocurrent mode, 
respectively. 


Figure 3. Curve U, gives 
the off-load voltage as a 
function of light intensity. 
Curve IK depicts the 
relationship between 
short-circuit current and 
light intensity. (All the 
curves in figures 3 to 6 
relate to the Siemens 

BPW 34.) 


Figure 4. The capacitance 
of a photodiode reduces 
considerably as the reverse 
bias (UR) is increased. 


balanced by three other current flows from 
anode to cathode: a ‘normal diode mode’ 
current, an internal leakage current and the 
current through the external circuit. The 
latter current is the one that is to be detected 
or even measured by the rest of the circuit. 
Given this knowledge, there are two basic 
circuit configurations to choose from: the 
‘photovoltaic mode’ and the ‘photocurrent 
mode’, 


Photovoltaic mode 


In this mode, a photodiode is used as a light- 
controlled voltage source (figure 2a). Some 
kind of voltage measuring circuit is used to 
evaluate the voltage that appears across the 
diode. Depending on the impedance of the 
measurement circuit, the relationship be- 
tween the incident light and the measured 
voltage can be anything from linear to log- 
arithmic! 

The relationship will be almost logarithmic 
if an ideal voltmeter is used. By ‘ideal’, we 
mean one with an extremely high internal 
resistance — in the order of 100 Gigaohms. 
This is rarely the case. On the other hand, a 
fairly linear characteristic is obtained by 
using a ‘voltmeter’ that is virtually a short 
circuit. Since this extreme case is also im- 
practical (a short circuit tends to reduce the 
voltage to point-zero-zero-zero...), the 
actual measuring characteristic will be some 
ill-defined non-linear curve. 

In practice, the photovoltaic mode is not so 
useful for measurements. In general: any 
application requiring a well-defined relation- 
ship between light and output is likely to go 
wrong if this system is used. It can only 
work if you go to extremes: if the load is 
more than 10 MQ, the characteristic will be 
reasonably logarithmic; below a few ohms, it 
could be linear. Anything in between is only 
useful for detecting light. 


Photocurrent mode 


In this mode, the photodiode is reverse- 
biased as shown in figure 2b, and the current 
is measured. The reason is immediately ap- 
parent from figure 3: the semi-logarithmic 
curve corresponds to a voltage measurement, 
and the straight line shows the relationship 
between the (short circuit) current through 
the diode and the incident light. The actual 
values shown in this plot (and in figures 
4...6) apply to the Siemens BPW 34, but 
the same principle applies to all photodiodes. 
A further advantage of this system is ap- 
parent from figure 4: the higher the reverse 
bias, the lower the diode capacitance. This 
improves the response, extending the sensi- 
tivity towards higher frequencies, 

Given all these obvious advantages, why are 
photodiodes ever used any other way? We 
musn’t forget that fundamental law: ‘Con- 
servation of Misery’. If one characteristic 
improves, something else must suffer. In this 
case, the main disadvantages are ‘flicker 
noise’ (caused by the high reverse bias) and 
the influence of the diode’s leakage current, 
which increases rapidly with temperature as 
shown in figure 5. The latter effect becomes 
increasingly important as the reverse bias is 
increased: figure 6 shows the relationship. 
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Figure 5, Leakage current 
(IR) as a function of 
temperature, 


Figure 6, Leakage current 
(IR) as a function of 
reverse bias (UR). 


Figure 7. Three basic 

circuits: 

a. diode in the photo- 
voltaic mode; 

b. example of the photo- 
current mode; 

c. photocurrent mode 
with zero volts reverse 
bias. 
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In electronics, reaching an ideal compromise 
is the art. Say that you intend to use photo- 
diodes for a communication system: you 
need a high reverse bias for fast response, 
and the trade-off is that the linearity must 
suffer. Alternatively, you want to design a 
light-meter: linearity is vital, so you opt for 
a low bias and a slow response. 


Basic circuits 

Three basic circuit configurations are shown 
in figure 7. To obtain a reasonably close 
approximation of a logarithmic character- 
istic, the diode must be used in the voltaic 
mode. This can be achieved by using a FET 
opamp as shown in figure 7a: the extremely 
high input impedance of the opamp forms a 
negligable load across the diode. 

For a linear characteristic, the diode must be 
used in the current source mode. In the vir- 
tual earth circuit shown in figure 7b, the load 
impedance across the diode is equal to R1 
divided by the (extremely high) gain of the 
opamp. This works out at a very low value 
indeed! As mentioned above, the reverse-bias 
that is applied in this circuit helps to in- 
crease the response time. However, it does 
cause a deviation from the linear character- 
istic. If this is unacceptable and if a fast 
response is not required, the bias voltage 
source can be omitted (figure 7c). 


A light gate 

Let’s put theory into practice, and design a 
‘ight gate’. This must consist of an optical 
‘transmitter’ and a ‘receiver’, lined up in 
such a way that any person passing between 
them will break the beam. The transmitter is 


shown in figure 8. It works as a kind of high- 
frequency power flasher. N1 and N2 form a 
multivibrator that oscillates in the region of 
10...20kHz; N3 and N4 convert the 
squarewave into a series of short positive- 
going pulses. These are fed to T1, causing 
the LED (D1) to flash. A normal LED can 
be used, but better results are obtained with 
a high-efficiency type. If you really want to 
get the maximum range, the LED can be 
mounted in a reflector. The total current 
consumption of this circuit is approximately 
50 mA. 


10 
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Figure 8. The light gate 
transmitter. A (high 
efficiency) LED is driven 
by a 10-20 kHz square- 
wave. 


15V 
cs 
330n 

IC1...1C4 
C6 
aerot 
330n 
© 
15V 


Figure 9. The light gate 
receiver consists of a 
photodiode and a few 
opamps. 


Figure 10. The distance 
meter transmitter. As 
before, a squarewave is 
applied to the LED. Since 
the distance is to be cal- 
culated from the reflected 
light intensity, the LED 
current is held constant 
by means of a current 
source (T1, T2). 


11 
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In this application, the light receiver must be 
designed for maximum sensitivity and high 
frequency response; linearity is not so im- 
portant. For this reason, the photodiode is 
used in the current mode with a high reverse 
bias (figure 9). The signal from the diode is 
amplified (IC1), applied to a band-pass filter 
(IC2), then amplified again (IC3), rectified 
and applied to a trigger circuit (IC4), Nor- 
mally, the output from IC4 will be at —15V; 
when the light beam is broken, this output 
will swing up to +15 V. 

The alignment procedure is quite straight- 
forward. Start with the LED and photodiode 
within a few inches of each other, and adjust 
P] for maximum output from IC2. A word 
of warning: the filter can start to oscillate if 
P] is set to zero (wiper to ground). If no 
clear maximum can be obtained, the trans- 
mitter frequency is probably outside the 
range of the filter. This can be corrected by 
selecting a different value for C1 in fig- 
ure 8. 

There should now be a DC voltage across 
C4, which drops to zero when the light 
beam is interrupted; P2 is adjusted so that 
the output of IC4 switches cleanly. 

Separate power supplies should be used for 
the two circuits: the high gain involved 
could easily lead to oscillation with a com- 
mon supply. The best way to line up the 
receiver and transmitter is to connect an 
oscilloscope to the output of IC3, or a volt- 
meter across C4, Then aim the transmitter 
for maximum received signal. 


Distance meter 

This circuit is more in the nature of a design 
idea: it can be modified and perfected ac- 
cording to the intended application. Orig- 
inally, it was intended as a ranging device 
for a cybernetic model: it can measure 
distances of up to 6 or 8 inches with reason- 
able accuracy. 

The basic idea is to mount a light transmitter 
and a receiver side-by-side; any light re- 
flected from a nearby object is measured, 
and the intensity serves as an indication of 
the distance. 


The transmitter (figure 10) is a simple 
10 kHz oscillator with a duty-cycle of pre- 
cisely 50%, which drives the LED via a cur- 
rent source to ensure that the light output is 
constant. The receiver (figure 11) is only 
slightly more complicated. 

For obvious reasons (linearity!), the photo- 
diode is used in the current mode without 
reverse bias — as in figure 7c. Opamp Al pro- 
vides gain, and the feedback network serves 
to reduce the low-frequency content of the 
signal: mains hum, caused by incandescent 
or even fluorescent ambient lighting! 
Merely filtering the signal is insufficient, 
however. In our prototype, we added a 
synchronous demodulator: A2, A3 and S1. 
This bit of high-frequency jargon stands for 
a simple principle. The output from A2 is 
identical to the output from A1; the output 
from A3 is the same signal in antiphase, 
since A3 works as an inverter. A CMOS 
switch (S1, a 4053) alternates rapidly be- 
tween these two signals; it is controlled by 
the transmitter, so that it switches in syn- 
chronism with the desired input signal. For 
unwanted signals, however, it will be out of 
sync. The result is that the phase and anti- 
phase signals tend to cancel out. 

The ‘clean’ demodulated signal from S1 is 
passed through a low-pass filter (R6, C2). 
Finally, the circuit around A4 is designed 
to convert the basic square-law relationship 
between distance and signal-strength into a 
more linear characteristic. id 
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Figure 11. The receiver 
section of the distance 
meter. Synchronous 
detection eliminates low- 
frequency interference. 


The distance meter proto- 
type. Visible from right to 
left are the transmitter 
LED with its reflector, the 
photodiode for the receiver 
and part of the associated 
electronics. 
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What has a traffic light got to do with audio? Nothing, really, but this 
particular circuit drives three LEDs; the colours are red, orange (amber!) and 
green, and they are mounted in a vertical line in this order. When we saw the 


prototype, it reminded us of... 


Yes. Well. This circuit does have a rather different function. The LEDs indicate 
the level of the output signal from a preamplifier, allowing one to judge the 
quality and quantity of the signal being fed to the power amplifier. This 

makes the circuit a useful accessory for the Prelude preamplifier in the XL 


range, as well as for other preamplifiers. 


quadio traffic light 


visual level 
monitor for 
preamplifiers 
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For the level indication on the Prelude 
preamplifier, we decided to depart from the 
usual VU meters and LED bar indicators. 
These accessories on a preamplifier usually 
provide little in the way of information and 
merely swing nicely in rhythm with the 
music — althoug there are of course excep- 
tions to the rule. On the other hand the 
audio traffic light, as we have named the 
circuit, uses only three LEDs. Sufficient 
for this application. 

The three LEDs perform the following 
functions, The green LED lights when the 
supply voltage is on. In other words, it 
indicates that the preamplifier is switched 
on. The amber (or yellow) LED goes on 
when a signal is present at the output of 
the preamplifier. Thus it is possible to see at 
a glance whether a signal is being applied 
to the power amplifier (or headphones) by 
the preamplifier. Finally, the red LED 
indicates when the output signal from the 
preamplifier exceeds a preset value. This 
value can be chosen so that the red LED 
goes on if the power amplifier is being 
overdriven. However, the red LED can also 
be made to light up when a certain audio 
level is exceeded (just below the angry- 
neighbour or wake-the-children level, say). 
In this case a sound level meter could be 
used to adjust the circuit to a particular 
audio level, but it is more practical to do 
the job by ear. 

As you can see, three LEDs are sufficient 
to provide all necessary information regard- 
ing the output signal from the preamplifier. 


Circuit diagram 

The circuit for driving the LEDs can be seen 
in figure 1. The green LED, D7, is connected 
to the positive supply voltage via limiting 
resistor R41. That is simple enough. 

For the other two LEDs, a signal detector is 
needed to monitor the level of the output 
signal from the preamplifier, and to light 
up one of the two LEDs as a result. The 
LEDs must give a clear indication, even for 
short transients. This signal detection is 
separately arranged for each LED. The 
circuitry associated with Al, A2 and MMV1 


is for the red LED, and the section around 
A3, A4 and MMV2 is for the amber LED. 
The left-channel output signal of the pre- 
amplifier is fed to presets P10 and P11 and 
the right-channel output signal to P12 and 
P13. 

First, the control circuit for the amber LED. 
P10 and P12 are each connected to the non- 
inverting input of an operational amplifier 
(A3 and A4), via a capacitor. Each oper- 
ational amplifier is configured as an a.c. 
voltage amplifier with high amplification 
(2200-times for A3 and A4, 220-times for 
Al and A2). The output signals of A3 and 
A4 are rectified by diodes D3 and D4 
respectively. The cathodes of the two 
diodes are connected to the trigger input 
of a retriggerable monostable multivibrator 
MMV2. The Qp output of MMV2 drives 
the amber LED D6 via R40 and T14. The 
MMV causes the LED to light up for 0.5s 
if the output signal of D3 and/or D4 be- 
comes greater than approximately 7 V. 
The ‘sensitivity’ of the amber LED can be 
adjusted separately for each channel using 
the potentiometers. 

The circuit for the red LED is almost ident- 
ical to that for the amber LED. The only 
difference is that operational amplifiers 
Al and A2 are set to a lower gain, because 
the ‘input sensitivity’ of the red LED need 
not be as great as that of the amber LED. 
That’s the circuit; we shall now examine 
a few details. In each detector circuit, the 
left and right input signals are amplified 
separately to ensure that the LED does not 
fail to light if the left and right signals 
should appear in phase-opposition, for 
example. The circuit therefore always 
responds to the greater of the two input 
signals. The gain of the operational ampli- 
fiers can be modified by changing one 
resistance value for each device (R24 for Al, 
R27 for A2, R30 for A3 and R33 for A4); 
the higher the resistance, the lower the 
amplification. 

The minimum on-time of the amber LED 
is determined by R38 and C19; R37 and 
C18 correspond to the red LED. This time 
can be extended by increasing the value of 
the capacitor, You may also have noticed 


that D5 and D6 share the same limiting 
resistor. This has been done deliberately. 
The voltage drop over a red LED is slightly 
lower than that over an amber LED. (Don’t 
use a high-efficiency LED; these have a 
higher voltage drop!) Asa result, when T13 
and T14 both conduct at the same time, 
only the red LED will light. The amber 
LED will go off on account of the difference 
in voltage drop. 


Construction 


The printed circuit board of figure 2 
can accept all the components except for 
R39... R42, D5, D6, D7, T13 and T14. 
These components are accommodated on 
the bus p.c.b. of the Prelude. If the audio 
traffic light is to be used in combination 
with the Prelude there is no problem. 
These components are simply mounted on 
the bus p.c.b. and the board for the audio 
traffic light is connected to the bus p.c.b. 
by means of wire links. The copper track 
side of the audio traffic light p.c.b. must 
face out towards the outer (right-hand) 


Al... A4=1C1 = TL 084 
MMV1,MMV2 = IC2 = 4528; 4098 


edge. 

If the audio traffic light is to be used with 
a preamplifier other than the Prelude, the 
components mentioned above will have to 
be mounted elsewhere. This should not 
present any problems, since only a few 
components are involved. Furthermore, the 
LEDs can be mounted on the front panel, 
which only leaves the four resistors and two 
transistors. The inputs of the circuit are 
connected to the outputs of the preampli- 
fier. 

The circuit requires a symmetrical power 
supply of + and —12...15 V which can 
provide at least 50 mA. This is included 
in the Prelude, but in other applications 
a small power supply can be built for the 
audio traffic light, consisting of a 2x 9 V/ 
100 mA transformer, a bridge rectifier and 


two electrolytic capacitors of 1000 uF/25 V. 


A stabilized supply is not required. 
Adjustment for the amber LED is simple. 
Set P10 and P12 to zero; turn on the music 
and adjust the volume control of the pre- 
amplifier so that the signal is heard at a 
low level. Then turn up P10 and P12 just far 
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Figure 1. The circuit of 
the signalling circuit; 
three LEDs provide in- 
formation on the output 
signal. 
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83022-10, 


enough for LED D6 to light. This must be 
done separately for each channel, with the 
other channel disconnected from the pre- 
amplifier. 

The adjustment of P11 and P13 depends on 
the indication that one wishes to obtain 
from the red LED. If it is to light up when 
the power amplifier starts clipping, an 
oscilloscope and a pair of hefty load resistors 
are needed. Applying a 1 kHz sinusoidal 
signal via the preamplifier to the output 
stage, the power amplifier is driven to the 
point at which it starts clipping (the ampli- 
fier must have a load corresponding to the 
nominal impedance of the proper loud- 
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speakers; for example, 8 Q resistors). This 
adjustment must also be performed separ- 
ately for each channel. This setting is not 
particularly useful, however, because the 
red LED should never light up under normal 
circumstances. 

It is better to adjust the potentiometers for 
the red LED so that it lights up at a particular 
sound level in the room; the LED will then 
indicate that the amplifier is turned up too 
loud or that your neighbours are reaching 
their tolerance threshold. It is advisable 
not to establish this setting by trial and 
error — better results can be obtained after 
prior consultation with the neighbours. i 
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Parts list 


Resistors: 
R23,R25,R26,R28,R29, 
R31,R32,R34 = 220k 
R24,R27=1k 
R30,R33 = 100 2 
R35,R36 = 100 k 
R37,R38 = 1M8 
R39*,R40* = 27 k 
R41*,R42* = 1k2 
P10...P13 = 250k 
presets 


Capacitors: 

C8,C10,C12,C14 = 680 n 

C9,C11,C13,C15 = 10 u/ 
10V 

C16,C17,C20 = 100 n 

C18,C19 = 820n 


Semiconductors: 

D1 D4 = 1N4148 
DS ed LED 

D6* = orange LED 
D7* = green LED 
T13*,T14* = BC 547B 
1C1 = TL084 

IC2 = 4098, 4528 


Note: Components marked 
* are mounted on 
the bus p.c. board 


Figure 2. Printed circuit 
board for the audio traffic 
light. The circuitry associ- 
ated with the LEDs 
(R39...R42,D5...D7, 
713 and T14) is not 
situated on this board 

but on the bus p.c.b, of 
the Prelude. 
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Pico hook 


As components in the micro-lectronics 
world become smaller, so must the ac- 
cessories to be used with them. One such 
accessory is the new EZ Hook test probe, 
which measures barely 1” in length. 
Introduced into the UK by | & J Products 
Ltd., the Pico Hook is the result of market 
research amongst users of the EZ Hook 
range, Because of its deminutive size and 
weight, the Pico Hook is only available 
prewired (with a choice of 28 AWG or 
Teflon wire); wiring up the head would be 
too tedious for most engineers’ fingers. 


However, the famous ‘hypodermic’ action 
of all EZ Hooks continues in the moulded 
nylon body of the Pico Hook, with the 
hook and spring loading being manufac- 
tured as always of gold-plated beryllium 
copper and stainless steel respectively. 

The Pico Hook is available in ten colour- 
codings (as in the lead), which can be sup- 
plied attached to lead only, or connected 
to .025 sq, socket, .025 pin or a second 
Pico Hook. 

1 & J Products Ltd., 

7a Christchurch Road, 

Ringwood, 

Hants. 

Telephone: 04254.79974. 


(2517 M) 


Improved large alphanumeric 
display 

The Industrial Products Division of Indus- 
trial Electronic Engineers, Inc., (IEE), has 
made it easier to use their Argus 256- 
character flat panel alphanumeric DC 


plasma display module. This model is 
high 


engineered with 0.26’' (6.5mm) 


characters, for the user who requires a 
multi-line display which is easily legible 
from distances up to fifteen feet. The 
module, model number 3101-08-256N, 
incorporates Schmitt-trigger data input 
circuitry, allowing the display to operate 
reliably in high EMI environments. Power 
requirements are now only +5V and 
+150 V. (Previously, this model required 
—12 V as well.) 

Data is displayed in a 5x7 dot matrix with 
a selectable cursor/underbar. Up to 8 lines 
of 32 characters per line can be displayed. 
Data input is TTL level, 6-bit parallel 
ASCII, at rates up to 120 kHz. Character 
sets available include: English ASCII-7 
(standard) and General European, German, 
Scandinavian and Spanish ECMA fonts. 
IEE, Industrial Products Division, 

7740 Lemona Avenue, 

Van Nuys, CA, 91405, 

(213) 787-0311, ext. 233. 
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Minicase 

The new Boston hand-held instrument 
case range from West Hyde is moulded 
from black ABS, although other colours 
are available for large orders, The styling, 
has resulted in an extremely attractive 
as well as functional case, is ideal for all 


applications involving hand-held digital 
readouts such as thermometers and 
tachometers. 


The cases feature a 
compartment and an_ optional 


separate battery 
thumb- 
button which could be used to operate 


on-off or range-change switches for 
example. A choice of display aperture 
sizes allows for a variety of digital displays 
to be fitted. 

The Boston is available ex-stock from 
West Hyde from whom a data sheet can 
also be obtained giving further details 
of this handy sized case. 

West Hyde Developments Ltd. 

Unit 9 Park Street Industrial Estate, 
Aylesbury, 

Bucks. HP 20 1ET. 

Telephone: 0296.20441 
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Miniature high value inductors 

Toko’s 5T series is a magnetically screened 
inductor (range 50 nH to 5 mH) designed 
for bias oscillator applications in micro 
cassette recorders, floppy disk drives, and 
all other applications requiring a miniature 
precision inductor, with facilities for 


primary taps, and secondary windings. 
The maximum height above the PC face is 
9mm, with a square base of 5.5 mm each 
side. 


A range based on 80kHz and 50 kHz 
bias oscillators will be held by Ambit — 
although the coil series is primarily in- 
tended for custom design applications. 
Ambit International, 

200, North Service Road, 

Brentwood, 

Essex CM14 4SG. 


(2600 M) 


The world’s lowest profile 
adjustable VHF coil 


The HF/VHF counterpart of the new 5U 
series is Toko’s 5UN, This is an open 
construction coil with ferrite adjuster, 
designed for use in the range 20-200 MHz, 
with a maximum inductance of 0.35 wH 
and a QO of over 90 and 100 MHz. 


The height above the PCB is only 3.5 mm, 
(the base is 5.5mm square) making the 
coil ideally suited for use in such equip- 
ment as personal radios, pagers, cordless 
telephones etc. 

Ambit International, 

200, North Service Road, 

Brentwood, 

Essex CM14 4SG. 
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Electronics and 
Computing Monthly looks at a 
computer as the beginning of 
something interesting rather 
than an end in itself. 

We thought that using a 
micro to drive something other 
than a TV screen could open up 
fascinating possibilities. 

A few simple circuits, 
used as building blocks, can 
stretch your computer, your 
imagination and your fun, a 
long way. 

If you understand the 
basics of digital electronics, 
youll appreciate the fun you can 


WHERE ELECTRONICS AND COMPUTING INTERFACE. 


3-60 


The magazine with 


have by 
linking logic 
circuits to your micro. 

If you don't, then 
read our new series which 
starts this month and explains 
digital electronic circuits from 
basics. Also this month, we 
show you how to build an infra- 
red remote controller for your 
micro. 

That's what Electronics 
and Computing is all about— 
giving you ideas for new 


advertisement 


applications, and giving you 
/ the software to expand your 


‘micro. Project by project we 


show you how to add another 
dimension to your computer. 

For example, in this 
month’s issue we explain 
dialogue programming using 
the PILOT system — what it is 
and how it works. 

And inside is enough 
information to build your own 
hi-res graphics computer. % 

All you need is a 
hot soldering iron 
and a cool: 75p. 


“advertisement 
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switchboard 


SYNTH — Minisonic +2x Trans 
Gens, 2x Resonance Gens (For- 
mant), wind & rain, case, pots & 
knobs: PCBs built — mostly tes- 
ted, £ 250. G.A. McCutcheon, 18 


Glen Doll, St. Leonards, East 
‘Kilbride, 
SCANNER required — urgent. 


Colin Knight, phone Eastbourne 
(0323) 57769, evenings only. 


ANY information on Dynamco 
7500 oscilloscope. Eamonn Slater, 
6 Casimir Road, Dublin 6, Ireland, 


DISCO LIGHT kit for sale. Tandy 
running sound to light kit. Built 
but not working. Has built in 
dimmers. Sch, Cost £ 70, sell 
for £ 20. Ring 270 1638 (Liver- 
pool), 


FOR SALE Junior computer 
with power supply and books 
perfect working order, Enclosed 
in smart case. Cost £50 0.n.o, 
Mr. §S.Shirodkar, 118 Station 
Road, Finchley, London NS Tel, 
01 346 7504, 


VERY cheap micro wanted pri- 
vately but for use with young 
unemployed people. AVO DA116 
DMM, for sale, Also monitor 
required, B, Jain, 17 Taylors Lane, 
London NW10 QJA. 


WANTED — Elektor and other 
magazines for y.o.p. workshop, 
very cheap only please as no 
funds are available. B. Jain, 
17 Taylors Lane, London NW10 
QJH. 


POLYFORMANT. Keyboard — 
49 note + contacts + 14 pcbs + 
50 ICs, Inc. CPU pcb. Some pcebs 
part assembled. f 85. Tel. (0274) 
685926, 


“SEMICONDUCTOR circuit 
design’ 5 volumes by Texas In- 
struments. Hardback A4_ size. 
£ 15, Tel, (0865) 779855, 


SOLARTRON dual beam oscillo- 
scope. MOD CD 1014. Service 
manual included. Good working 
order £ 60 o.n.o. Phone 0634 
681006. 


COLLECTOR seeks old British 
transistors, EW, GET, TP/TJ, 
series etc. Good prices for rare 
items. Write for details, Mr 
Andrew Wylie, 18 rue de Lausanne 
1201 Geneva, Switzerland, 


HELP! Wanted by hobbyist — 
Dual Trace Scope. Anything con- 
sidered, working or not. Cash 
waiting. Tel. 01 882 4139. 


Want to make contact with friend- 
ly Elektor readers visiting Yugo- 
Slavia for help in obtaining elec- 
tronic components, Sejjad Salam, 
Crnuska 12, 61231 Crnuce, Yugo- 
slavia. Office tel. no, 61-571671 
between 7a.m. and 2p.m. 


ELEKTOR basic computer + 4 K 
ram card + Z80A CPU card + PSU 
+ elekterminal + ASII keyboard + 
case all for £ 150. Will split. Laurie 
Biddulph, 7 Albemarle Gardens, 
Braintree, Essex CM7 6UQ Tel. 
(0376) 43308. 


6xFND800+CD4511 on PCB £3. 
+5/—12 regulators + power — on 
reset £ 6. CMOS Ram + nicads + 
10 triacs + logic drive £ 6. P&P 
extra, Norman Simons, 187 Lad- 
broke Grove, London W10 Tel. 
01 969 6150, 


UK101 — 32x48, Cegmon, 8K, 
Res > Basic 4:5, TKI T2, Code- 
kit: Forth, assmb, Exmon, Games 
on tape + books, Smart case. 
Cost @ £ 550 — £ 200. 


ELEKTOR disk controller (as- 
sembled) + TEAC FD-50C 5% 
inch drive (new). £ 130, or may 
split. Tel, Potters bar (77) 43904, 


TWO ILP Toroids 50-0-50 V 
500 VA unused £ 10 each. 266 
Poolstock Lane, Wigan, Lancs. 


SUPERBOARD 11 8K _ cased 
wemon monitor 32x32 screen 
300/600 baud, auto tape control, 
numeric keypad £ 95 0.n.0. Mr. A. 
Morten, "Rosswood’, Nursery 
Lane, Burbage, Buxton, Derbys. 
Tel. 0298 4601. 


ATARI video computer with a | 
accessories and nine cartridges. 
The system only 5 months old. 
Only £ 85. Mr Ramin Cyrus, 
244 Latymer Court, Hammer- 
smith Road, London W6 7LB. 


MONO DX TV for sale isolated 
chassis pro. Conversion direct 
audio/video in-out all band tuner 
good crt £ 25 o.n.o. Mr A Bous- 
kill Tel. 0742 311191 after 4pm. 


TV SCOPE with 3 IC’s. Send 30p 
for articles. Two unused 
LM 3915's for 450p incl. p&p. 
Eren Isik, Ragip T. Cad, No: 
230, Yenimahalle, Ankara, Tur- 
key. 


PAL-COLOUR TV burst gener- 
ator — circuit ideas and literature 
wanted. I'11 send a breadboard to 
show my appreciation. Mustafa 
Gunduz, Ciftasfalt Foca Sok. 
91/3, Kecioren, Ankara, Turkey. 


TELEPHONE SWITCHING Ap- 
paratus, Aux. unit £5. 4 Sinclair 
212 power modules £ 5, Wanted 
2N6259's. Tel. 01 450 4515 any- 
time. 


BARGAIN clearout of my surplus 
components e.g. 30,000 nF 50 V 
@70p. Also semiconductors, trans- 
formers etc. SAE details Mr J. 
Rudge, 20 Blackthorne Close, 
Solihull, West Midlands B91 1PF. 


ER900 DIACS wanted for fluor- 
escent starter Elektor June ‘82 or 
suppliers addresses. Also TV tank 
battle game. Thank you. Martin, 
6 Downland Gardens, Tattenham 
Corner, Epsom, Surrey. 
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any correspondence or transaction as a 
result of a ‘switchboard’ ad, nor as a result 


of any inaccuracy in the text. 


e@ Ads will be placed in the order in which 


they are received. 


@ We reserve the right to refuse advertise- 
ments, without returning them. 


Name and address: 


| am a private reader. | have read your rules and | enclose a valid switchboard voucher. 
Please place the following advertisement, free, in the next available space. 


BLOCK CAPITALS PLEASE — ONE CHARACTER TO EACH BOX 


Send to: 


Elektor House 
10 Longport 


Elektor switchboard, 


Canterbury CT1 1PE 


be post-marked within the 
month indicated. 


All advertisements mustiinclude the 
voucher printed here. They must 
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CRICKLEWOOD-STOCKING PARTS OTHER STORES CANNOT REACH! 


3 THE LAZY WAY Phone your order through on Access, Barclaycard, Visa or American Express 
for immediate service; no extra charge, no minimum order. 
THE TRADITIONAL WAY Send cheque, PO or credit card number. Cash not encouraged but 
accepted (no coins please). All in stock items shipped same day. 
%& THE IDEAL WAY Call in and collect. We are on the main Edgware Rd (AS) just 1} miles from 
Staples Corner and approx 3 miles from Marble Arch, 


NNECTOR: 


IL, DIN, Phono, 1m 
Fopgle, Biased, Flock’ 


CRICKLEWOOD ELECTRONICS LTO, 40 Cricklewood Broadway, London NW2 ET, Tel: 01 4520161, Telex: 914977 


ALL STOCK BRAND NEW FRANCHISED ORIGIN 


SEE 


BESESEEES. 


BESTE: 


THYRISTORS 
Sensitive Ge 
‘Small Signet 

2N5060 


4.8812 Amps 
‘renee TO220, 
sultixt A» 100 

8" Z00v 

C= 300¥ 

© > doy 

fa > 600 
TICIOA 4B 
Ticinee 479 
TICIO6C 489 
TIC1080 8% 
TICIO6M 689 


68 
TICH6C 71p 
TIC1160, 739 
TICTI6M Bop 


SIEMENS 
THYRISTORS 
1.2 amp plastic 
st BO106 (100V) 


6p 
Bst 80113 (200V) 


7 
st 80146 7000) 
cay 


47 amp plastic 
8st B0206 (100v) 


xt 20219 (200V) 
710 
ft 80248 700 


2.00 
TY Thyristor 
2Naa4d 1.80 


TIC2060(4A) 669 
‘TIC225016A) 749 
TIC2260(8A) B8p 
TICZB6DIN2A) | 


1. 
TIC246D116A) 
1.22 
11€2530(20A) 
1,90 
71626301254) 
2.11 


‘Other Triece 
2Ns7E6 (TOR) 


4 

2N6185 (T0127) 
3.39 

40492 (Quedrad) 


bIODES. 
1N34A 
182 
1823 
1N9T4 
1NO16 
1N1190 
1N1192 
ANI194 
INII948 
AN11968 
INTI98A 
AN12018 
1N12048 
111208, 
13063, 
13065, 
13492, 


13493, 
1N3493R, 
13602 
13604 
1N3766 
1N3768 
1N3768R, 
1N4001 
1N4002 
414003 
14004 
14008 
1N4006 
14007 
14009, 
1Na148, 
14160 
1Naaag, 
14517, 
1NS172 
15176 
18400 
1NSA01 
1NSA92 
1NS403, 
15404 
1NS405 
15406, 
18407 
15408 
15024 
15625 
15626 
118627 
1844 
18131 
18134 
18421 
184218 
18940 
18941 
18981, 
AAN 
AA129 
AAlaa 
‘AAY30 
AAYSS 
‘AAzi7 
BAI00 
BAI02 
BANS 
BAIIS 
BAI3B 
BAIaZ 
BAIAa 
BAISS 
BAIS6 
BAIB2 


SSETSTSSTISSSLISEVISSSSSSSGIISSSITTEGTIGEVT ea Fe FoF s BESEES3 


SegessESES: 


BYW1¥-900 1.40 

BYW11-1000 
2,00 
BYW12-100 1:30 
BYW12-200 1:40 
BYW12-400 2:00 
BYX10 6p 

BYXS0:2008 
2.00 
BYX55:350 62p 
0 


2amp typo 
Square with holo 
801 


BRIDGE 
RECTIFIERS. 
(PIV shown in 
brackets) 

Vamp ty 

W01(100) 20 
Wo2 (200) 26p 
Wo4 (400) 28 
W08 (800) 40p 


‘Bamp type 
‘Squere With hole 


wor (100), 
Wo? (200), 
PWo6 (400), 
PW06 (600), 


3 


25 amp 
Metal clad with 
hole 

Ot (100) 

K02 (200) 

Kd (400) 

06 (600) 


Propristory 


ZENER DIODES. 
400-500 mW 
E24 Sorios 
24:47V op 


1.3 Watt 
£24 Sories 
33:82V15p 


2.5 Watt 
E24 Serios 
7:8:78V 


‘SW wire ended 
following 

voltages only 
3V3, 3V6, 4V3, 
47, 5V6, 7V5, 
8V2, BV7. 9V1, 
10V; 12V, 20V, 
33V, SIV; 62V) 
av’ 12 


1.10 


‘10W Pos. Stud 
Following 
voltages on! 
75.13, 18,20, 
24,37, 30, 93, 
468, 82, 91, 109, 
10 1:25 


20W Pos. Stud 
) 


ve 
1V5.75V 


‘OPTO. 
ELECTRONICS 
2NS777— oT 
2N5778 (88, 
2N5779, 
4N25 
BP100 
BPIO4 
BPX?5, 
BPXI9, 
BPxaB 
BPX6O 
BPX6) 
BPX63 
BPX79 
BPX86 
COXx13 
Cox23 
Cox33 
LO30A 
LO36a 
Lo37a 
(052A 
LOS6A 
LOS7A 
L052 
LOs6C 
Los7c 
LOBOA 
LOBGA 
OB7A 
tozaa 
toa) 
046) 
O46 
0468 
toa) 
(0476 
0478 
0479 
coast 
C0486 
L048 
0499, 
0599 
ORPI2 
RPY6O 
RPY63 
m3? 
TH63 
TH6 
THL65 
TIL66, 
TH67 
THe 
THB 
THL99 
THING 
T1138, 
T1139 
TH209 
Tan 
TH212 
TiL224 
TH228 
biTer 
TH3I3 
THLAO} 
THLA03 
THL406 


NEW OPTO 
DEVICES 


see 


SeeeSStiescs 


SPSS STSSS ESE S: 


sess 


ine, Superbright 
‘s0@ next column. 


POWERFET 
‘AMP MODULES 
FROM 
PANTECHNIC 
now available 
from LONOON, 
‘Sond 

{s.08, for 


specs. 
PFA 100 16.00 
PFA 200 22.55 
40,000 mF 


80'V 4.10 


D. CONNEC. 
TORS 25 WAY 
Solder typo 
Male 

Fmole 
Angled PCB 
Male 

Fale 
Covers 


1.60 
2.05 


2.45 
2:90 
99p 


NEW 
oPTO 
DEVICES. 

Now LEDs 

Now in stock 

Rered 

G= green 

Y= yellow 

Large diffused 
14 50+ 

RED 9p 7p 

G50 159 12p 

Y5D —15p 12p 


1% 
vp 


0 (100 
times brighter) 
ASU 

GSU fap 
Y6U  42p 
Ti-colour 

fat 

RGYS 8p 7p 


LINEAR Ics 
AY1-5050 95p 
‘AY3-8910 
‘AY3.8912 
‘AY6.2376 
CA3000 
CA3001, 
GA3002 
CA3005 
CA3007 
CAI010 
cA3012 
CA3013 
cAI014 
CAI015, 
CA3018 
CAI018A 
cA3020 
CA30200 
A3021 
A3022 
A026 
CA2028A, 
CA30288 
6A3020 
‘CA3O30A, 
CAI0I3 
CA30R4 
CA3036 
CA3039 
cAg0a1 
CAI042 
CA3043 
CA3046 
cA3047 
CA3048 
CA3049 
CA3050, 
CA3051 
CA3052 
CA3053 
CA305¢ 
CA3059 
CA3060 
CA3062 
CA3056 
A368 
GA3070 
cAIO71 
CA3075 
CAIO76 
cAgo78T 
CA3080 
CA3080A 
CAI0R0€ 
CA3081 
CA3085 
CA3088 
CA30BNE 
CA3090A0 
CAIIIOE 
CA3130T 
CA3I408 
CA31407. 
HAII66W 


LF13201 
LeI3331 3. 

LFIS741H “68p 
LFI3741N 69p 


SESSSS3 2593: 


2 


CMat7MP 4. 
EM31BH 2 
LMgIaN 4, 
2 
2. 


2 


CM319H 
CEM319N 

M320 ~ seo 
79XX Series Volt 


Regulators 


Regulators 
LM345K 
CM34BN 
CM349N 
CM350K 
CM359N 
CM360N 
CM376N 
[M377N 
LM378N 
CM3795 


LM380N8 1.50 


LM3B1AN 
CMgaiN 


2.26 
1 
CMgB2N 1. 
3 
1 


40 


cM3eaT 
CM384N 
EM386N1 88> 
EM386N4 1.20 
LM388N 2.43 
EM391N6O 1.70 
CM391NBO 1.93 
LM392N- 76p 
LM393N96p 
CM394H 3.80 
LM396K 13.52 
LM709NB 64p 
{M709CH 1,00 
LM710CH 69p 
LM710CN 2p 
LM711CH 
CM7116N 
CM7230H 
M7230 
(CM725CH 
LM725¢N 
(M733¢N 
cM7aicH 
KM741CN 16 
UM741CN1480p 
LM747CN  69p 
CM748CH 1,00 
LM74BCN 5p 
CM30aN 
CMi304N 
CM308N 
[M1307 
CMI310N 
EM1330N 
M1458. 
M1496 
M1800 
CMig01 
cana 
cMi818 
tM1820 
CM1828 
CMi830 
CMie45 
cai48 
M1850 
cMsg7 
cwig72 
M1886 
C1889 
cM2907N 
CM2907NB 2. 
CMQ917N- 1. 
CM2917NB. 
M3624 
chg301 
M3302 
g4ot 
cM3404 
M3405 
M3900 
tM3905 
cw3909 
M3911 
M3914 
M3018 
M3916 
CMa260cH 24 
CMa250N 
M1360 
me3712 
183786 
88719, 
153200 
M1303» 
LM1303N 
MC1304= 
UM1304N 
M1305" 
LM105N 
MC1307" 
LM1307N 
MC1310= 
LM13010N 
Mc1330= 
LM1330N 
Mo1362 
M1456 
MC1488« 
M1468 
MC1466L, 
Mer495t, 
MG1496° 
M1496 
meas40 
MC3401= 
LM3401 
Me3403= 
M3403 
MC3405= 
LM3405 
NE6SIN 
NES4OL. 
NES43N 
NESAaN 
NESSS 
NESS 
NESSS 
NES6O 
NES65 
NESES, 
NESG7 
NES70 
NES?) 
NEBS34 
OM335 
PLLOZA 
PLLOSA 
RCA136 
RC4194 
C4195 
$5568 
SAD10240 
SAS560 
SAS570. 
SAS580 
SAS590 
SFFOS364 
L470 
8490 
$1100, 
SLBIIC 
SL6126 
‘sL6206 
sL621C 
‘sL623¢ 
SL630C 
SLE40C 
SL641C 
SN76001N 
876008 
SN76018. 
'SN76003N 
SN76013N 
SN7023N« 
‘SN76033N 
SN76033N 
SN76110 
SN76115 
8N76116 
8N76226 
$N76228 
$N76477 
5N76530 
'SN76850 
SN76666 
S041P 


828883838333382 


$042 
TA7210 
A7204 
TAT205 
A722 
TA7310 
TAA263 
TAA300 
TAA320, 
TAA350 
TAAS21 
TAAS22 
TAAS5O 
TAAS6O 
TAASIO. 


0g LEDs, LCDs, bezelled LEDs, Lamps, Lampholders. FUSES: 20 mm, 
2mm, 4 mm, Bulgin, USA, 1.6.C, KNOBS: 


2.35 


TAAB2IAXi 


TAAGGIA 
TAAGSIB 
TAA700 
TAA930 
TAA930B 
TAAQ70 
TAAQ91D 
TAD100. 
TBAI20AS 
TBA331 
TBAS4) 
TBA3O5, 
TBA396 
TBA5O 
TBA46O 
‘TBASOO 
TBASOO 
TBASIO 
TBAS100, 
‘TBAS20 
TBA5200 
TBAS3O 
TBAS300 
TBASAO 
TBAS400 
TBASEO 
TBAS5OO 
TBASEOC 
TBAB70 


TOA1022 
TOALO24 
TOAI034 
TOA2020 
TOA2030 
TOA2522 
TOA2530 
TOA2540 
TOA2541 
TOA2560 
TOA2571 
TOA2581 
TOA2590 
TOA2691 
TOA2600 
TOA2610 
TOA2611A 
TOA2640 
TOA3000 
T1061 
T1062 
TLoe4 
TLo71 
71072 
L074 
TLoB! 
T1082 
71083 
L084 
1170 
71430 
VAAI70 
VAA180 
ULN2003 
uPcs75¢2 
UPCI156 
XR2206 
2Na14 
2Na19 
2N1034 
2N1040 
27K22 
2733 


Nagesee=esssas 


= 


VAT Please add VAT at the current rate to all orders except books. VAT not chargeable abroad. 
POST, PACKING & INSURANCE Standard small order charge is 70p (more for heavier goods) 


Export orders minimum £1.50. 


SEPSEEE 


74.8 TTL 
741800 
7avsor 
7atson 
741803 
741804 
74L805 
74808 
7AL810 
740811 
7a.812 
74.813 
7aLsi4 
7aL815, 
74.820, 
740821 
74822 
641827 
7as28 
74830 
74832 
741833 
74837 
740838 
74L840 
71842 
740847 
7ALS51 
74.854 
7ALS85 
7AL873, 
7aLs74 
74.875 
74.876 
7a.378 
74880 
7atsea 
7acse5, 
74886 
74Ls90 
7ALs92 
7aLs93 
74.395 
7AL596 
748107 
7aL$109 
248112 
7ac8113 
magi 
7at$122 


74L8123 
7408124 
74.8125 
748126 
7a.$132 
748136 
748138 
748139 
74.8145 
7acsia7 
7acs148 
7asisi 
7A 8163 
7ALSi84 
7A 8155 
7a 8156 
7018187 
7418158 
74L8160 
7aLsi6y 
7a sie2 
7aLsi63 
7aLsi64 
7A S165 
7aLs168 
7418169 
7atsi70 
748173 
74U8174 
748175 
74Lsiat 
7408183 
74L8190 
7191 
74L8192 
748193 
74.8194 
7AL3195, 
TALS196 
74L8197 
7AL8224 
7405240 
7aLS2a1 
7aus2a2 
74.8243 
7aL5244 
7405245 
74.8247 
7a8248 
74.3249 
7ac5251 
7418253 
7a$287 
7415258 
7418259 
748261 
7AL$266 
7a8273 
748275 
748279 
7408280 
7418283 
7408280 
748290 
7418293 
748205 
748208 
741$299 
748323 
7AL8324 
748325 
7418326 
748327 
7aLsaa7 
7A $348 
7a $362 
7418353 
7418362 
748365 
7ALS366 
7aL8367 
74.8368 
74.8373 
7a.3378 
74.8386 
74.8390 
74.8393 
7ALS305 
748306 
74.8398 
74.8399 
74.8445 
74.8490 
7aL$540 
74.8541 
7aL8640 
74L8641 
74.8643 
7418644 
748669 
7AL3670 
74.8673 
7aLs674 
7AL8688 


748 TTL. 
74800 
74802 
74804 
74808 
74820 
74830 
74832 
74840 
74884 
74885 
sia 
74885 
74886 
asia 
748113 
748124 
748132 
748133 
748138 
748139 
748140 
748183 
748187 
748163 
748174 
748178 
748188 
748189 
748194 
748200 
748201 
748225 
748261 
748262 
748287 
748288 
748289 
748301 
748470 
7asa71 
748473 
7as474 
748475 
748571 
748573 


7a cMos/TTL. 


74¢00 
74004 
74c10 
7aci4 
74020 
74¢30 
7acaa 
A048 
74073 
7676 
74083 
74¢85, 
74088 
74089 
74¢90 
74093 
74095, 
74107 
7aci51 
74c164 
7c187 
740160 
740161 
7acig2 
74163 
acta 
74165 
740173 
740174 
7a0175, 
7ac192 
740193 
7ac194 
740195 
740200 
7ac224 
74¢901 
7ac902 
7a¢903 
746904 
740905 
74¢907 
746908 
7acont 
740912 
7acoi4 
7ac015, 
7co18 
74¢9200 
746922 
746923 
740925, 
746926 
74928 
740929 
74C930) 
740932 


2p 


S8ESE3. 


SF 


BERRSE35 


Begraesstesceecncg 


For higher 
numbers in 40 
Series, substitute 
74€ tor 40 
elie, 69 
40107 = 74C107 


2114(200n8) 85p} 
2592” 9.60! 
11.95 
2.28 
21 
075 


BSBRssessss 


ZERO 
INSERTION 
DIL SOCKETS 
24pin 4.90 

5.30 


LOGIC Ics 
‘ne.COMP. 
SUPPORT. 

‘ADCOB04 3.95 

‘AQCOBIG 14.90 

‘ADCOBI7 10:06 

‘AYS:10138 3.00 

‘AY5.2376 6.90 

1CM7555 Bop. 

INS1671 

INSI771 

INS1792 

MO1466L, 

mci 488 

mc14a9 

mcaos 
meaosa 

MK 50250 

MK50398 

‘M5303 

MMS307 

MMS357 

MM87105, 

_MMB7109 

MMB7160 

‘MMB7161 

MMB8174 1: 

RO26ISLC. 

RO2613UC 


Seeasassessssssss: 


280acTc 
ZB0ADART. 


Z80ADMA\0. 
Z2e0API0 2:1 
2Na25E8 3) 
2Na26E8 3.30 
2N42768 5.99 
ZN42BE8 4.05 


VOLTAGE 
REGULATORS 
(Bee als 
Linear IC) 
= Positive — 
100 mA, 
TBLOSA” 309 
7BLI2A 0p 
JBLIEA 30 
TBL2AA —_30p 
100 mA TOS 
7BLOSCH 8p 
‘7BLI2CH 0p 
7BLISCH  80p 
78L24CH_ 8p 
{500,mA T0202 
780547 
7B12M 47 
7Bi6M «47. 
742M a7p 
1 Amp T0220 
7808T 39 
78121 30p 
7B16T 39, 
7824T 399 
1.6 Amp TOO3 
7808K" 1.30 
7B12K 1.39 
716K 1.39 
782K 1:39 


= Negat 


= Variable 
1.200 (2A Pos 
2,50 
LMI37K 12.00 
CMSO9K 1.38, 
LM317K 3.42 
LM317MP 959 


175 
LMI37K 4/60 
{CM337MP 1.73 
M3377 1.75 
LM46K 3.60 
KM35OK 4.50 
CM396K 13.52 
‘DESOLOERING 
PUMP 
High Quality 
High Suction 
‘Alumminiuey 
Anudisod with 
Screw in Totlon 
Now £4.48 
Spare Nove 5p 
41,0004 SOLD 
GREAT VALUE} 


GRAPHIC. 
PROCESSOR 
EF9365 £45.00 
EF9366 £48.00 


HEATSINKS 
CLIP-ON 
TON (ACI28) 189) 
TOS (BEYS1) 189] 

7018 (BC103) 


1 
roo (riPas” 
Mp 
vy other sinks 


HP2(4AH) 4.75 
HP? (AH) $9p 
HPI1(1.2AH) 
2.29 
Charger 
TYPE H: 
Adjusted 10.6 
of any HP type 
‘Above £18.59 


£5.50 


HP7 (Up to 4 
ata time) £5.85 


QuanTz 
CRYSTALS 
Please enquire 
about types 
not listed 
92.768KHe 9p! 
YOoKH: 2.491 
200KHz 2.791 
1.00MHe 2.891 
Ho0aMHe 274) 
200MH2 2.24) 


2,097152MHe 
3.50 
3.2768MHe 1.50 
.00MHz 3.00 
4:194304MHe 
2.00 
4.433619MHe 
110 
5.00MHr 1.75 
GOOMH: 1.50 
6.9375MHe 3.50 
BOOM: 1.75 
10.00MH2 1.75 
18.00MH2 1.99 
20,00MH 1:99 
27.648MHe 2.60 
4B.00MHe 1.75 
100,00MHz 5:50 
5,5 MHe 
Coramictiter90p 


VALVES. 
086/87 /802 


PLUGS & 
SOCKETS 
UHF PL268 types 

Low fou 


*KEYNECTOR’ 
Bore Wire Mains 
‘Safety Block 

96 


RELAY (MINI) 
4 pole 2 way 
TBR 6N2V 

amp contacts 

£2.80 


CANNON TYPE. 
‘AUDIO PLUGS: 
nahn XL 


JACK PLUGS. 
Huge Discount 
for quantity 


$tim Mono ap 
dimmN 
Bor Mono 
3mm Sen 


3.4mm Metal 
Mono. 20p 


JACK SOCKETS. 
 Ghaaale 

Ye Mono’ 
"Stereo 


%" Stereo 
Mota! 

3%4mm Mono 18 
34mm Mono, 


"BOOKS ino VAT 
{Post inc. prices) 
Towers 
Transistor 

M 


Interlaco Date 
3. 
Momory applic 
4 
‘Audio/Redio 
Hoe. 4.50 


Special function 
handbook 3.95 


3% DIGIT 
‘co. 
MULTIMETER 
Zamps AC OC. 


ISAE brings. 
‘specs! 


3-63 


elektor march 1983 advertisement 


The book follows the 
theme, and is a continu- 
ation of our popul j 
very successful 
circuits publicatio 
composed of 301 asso 
‘circuits ranging from 


advertisement 


MULLARD SPEAKER KITS 


‘A PURPOSELY DESIGNED 40 WATT R.M.S. 
BOHM SPEAKER SYSTEM RECENTLY 
DEVELOPED BY MULLARD'S SPECIALIST 
TEAM IN BELGIUM. Kit comprises a Mullard 8” 
Woofer with foam surround and aluminium 
voice coil. Mullard 3” high power dome 
tweeter. B.K.E. built and tested crossover, 
based on Mullard circuit combining low loss 
components, glass fibre board and recessed 
loudspeaker’ terminals. Recommended cabinet 
size 240 » 216 x 445 mm. 

A superb sound at a relatively low cost 
Complete with instructions. Price £14.90 + 
£1.50 p&p per kit, 


New 5" 30 watt mini version of above now avail- 


able. 
Recommended cabinet size 180 x 155 » 295mm. 


Price £13,90 +£1.00 p&p per kit. 


STEREO CASSETTE TAPE DECK MODULE. 
Comprising of a top panel and tape mechan 
ism coupled to a record/play back printed 
board assembly Supplied as one complete 
unit for horizontal installation into cabinet or 
console of own choice. These units are brand 
new, ready built and tested 
Features: Three digit tape counter. Auto 
stop. Six piano type keys, record, rewind, 
fast forward, play, stop and eject. Automatic 
record level control. Main inputs plus 
secondary inputs for stereo microphones 
Input Sensitivity: 100mV to 2V Input Im- 
pedance: 68K. Output level: 400mV to both 
left and right hand channels. Output Im- 
pedance: 10K. Signal to noise ratio: 45d8, 
Wow and flutter: 0.1%. Power Supply re- 
quirements: 18V OC at 300A. Connections 
The left and right hand stereo inputs and 
outputs are via individual screened leads, all 
terminated with phono plugs (phono sockets 
provided), Dimensions: Top panel 5'in x 
111in, Clearance required under top panel 
2/ain, Supplied complete with circuit dia 
gram and connecting diagram. Attractive 
black and silver finish 
0° Price £26.70 + £2.50 postage and packing 
Supplementary parts for 18V D.C. power supply 
(wansformer, bridge rectifier and smoothing 
capacitor) £3.50 


1b pane type keys. 


NEW RANGE QUALITY POWER LOUD- 
SPEAKERS (15", 12" and 8"). These 
loudspeakers are ideal for both hi-fi and 
disco applications, Both the 12. and 15 
units have heavy duty die-cast chassis 
and aluminium centre domes. All three 
units have white speaker cones and are 
fitted with attractive cast aluminium 
(ground finish) fixing escutcheons 
Specificat.on and Price 


15° 109 watt R.M.S. Impedance Bohm 
59 oz magnet, 2) aluminium voice cou 
Resonant Frequency 20H2 Frequency 
Response to 2.5KHz. Sensitivity 97d8 
Price £32 each £3.00 Packing and Car- 
nage each 


12" 100 watt R.M.S. Impedance 8 ohm, 50 oz magnet. 2 aluminium vore coil 
Resonant Frequency 25Hz. Frequency Response to 4KHz Sensitivity 95dB Price 
£23.70 each. £3.00 Packing and Carriage each. 


50 watt R.M.S. Impedance 8 ohms, 20 oz. 1%" aluminium voice coil, Resonant 
Frequency 40Hz, Frequency Response to 6KHz, Sensitivity 92dB. Also available with 
black cone fitted with black metal protective grill. Price: White cone £8.90 each. Black 
conelgrill £9,50 each, P & P £1.25 each 

PIEZO ELECTRIC TWEETERS MOTOROLA 

Join the Piezo revolution. The low dynamic mass (no voice coil) of a 
Piezo tweeter produces an improved transient response with a lower 
distortion level than ordinary dynamic tweeters. As a crossover is not 
required these units can be added to existing speaker systems of up 
to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS 
SUPPLIED WITH EACH TWEETER. 


TYPE ‘A’ (KSN2036A) 3” round with protective 
wire mesh, ideal for bookshelf and medium 
sized Hi fi speakers. Price £3.45 each. 

TYPE ‘B’ (KSN1005A) 3%" super horn For 
general purpose speakers, disco and P.A 
systems etc. Price £4.35 each. 

TYPE ‘C’ (KSN6016A) 2” + 5” wide dispersion 
horn. For quality Hi-fi systems and quality 
discos etc. Price £5.45 each 
TYPE 'D’ (KSN1025A) 2" + 6” wid 
hor. Upper frequency respon: tained 
; extending down to mid range (2KHe). Suitable 
TYPE 'C' for high quality Hi-fi systems and quality 


\iliseos: Price £6.90 each 
TYPE ‘E’ (KSN1038A) 3%” horn tweeter with 
TYPE ‘D' attractive silver finish trim. Suitable for Hi-fi 
monitor systems etc. Price £4.35 each. 
TYPE ‘F’ (KSN1057A) Cased version of type 
; - 'E’. Free standing satellite tweeter. Perfect 


add on tweeter for conventional loudspeaker 
systems. Price £10.75 each, 
U.K. post free (or SAE for Piezo leaflets). 


at 


Size 223" x 43" x 25" 


ele 
@| - 


OVP 1000 MONO DISCO MIXER 


A superb fully built and tested mixer/pre-amp with integral power supply. 4 
Inputs 2 turntables (ceramic cartridge). Aux. for tape deck etc., plus Mic. with 
‘override switch, all with individual level controls, Two sets of active tone controls 
(bass and treble) for Mic. and main inputs. Master volume control. Monitor output 
with select switch and volune control. 

‘Outputs Main 750 mV Monitor 500 mW into8 ohms. Supply 220/240V AC50/60Hz 
price £39.99 + £2.50 P&P 


1K.WATT SLIDE DIMMER 


© Controls loads up to 1KW 


i6 
© Easy snap in fixing through 
panel/ cabinet cut out 
Insulated plastic case 


i 
e MEMBRANE D 

manufactured from a tough poly: 
© Full wave control using 8amp Carbonate film mounted on Imm 


elektor march 1983 


BK ELECTRONICS 
Prompt Deliveries 
VAT inclusive 
prices 
Audio Equipment 
Test Equipment 


@ Compact size | SER EEE EE 
BRA coh TTI LL 


KEYBOARDS 


tac glass fibre printed. circuit’ board 
© Conforms to BS800 Assembly incorporating silver plated 
© Suitable for both resistance §@""Way numeric keyboard 

and inductive loads Standard keyboard providing 0-9 \t 
Innumerable applications in and A-F functions, 
industry, the home, and discos/ Size: 100mm x 100mm Prico: £8.99 + 35p p&p 
theatres etc. Alpha Numeric Keyboard Full 


size 55 key non encoded keyboard 


Price: £11.70 each + 50p P&P with 


commonly — required 


(Any quantity) functions in a Qwerty array. Matrix 


output via a 16 pin DIL socket. 
Size: 360mm x 102mm, Price: £13.99 +50p p&p 


BSR P256 TURNTABLE 


P256 turntable chassis @ S shaped tone arm 
© Belt driven @ Aluminum — platter @ 
ion calibrated counter balance @ Anti 
e (bias device) @ Damped cueing lever 
@ 240 volt AC operation (Hz) @ Cutout 
template supplied @ Completely manual arm, 
s deck has a completely manual arm and is 
yned primarily for disco and studio use 
where all the advantages of a manual arm are 
required 
Price: £28.60 + £2.50 P&P 


vp POWER AMPLIFIER MODULES 
100 WATT R.M.S, AND 300 WATT R.M.S. 
MODULES 


Power 


\ 3) 


Matching 3-way loudspeakers 
and crossover 
Build a quality GOwatt RMS system Bohms 


Build a quality 60 watt R.M.S. system 
%* 10” Woofer 35Hz-4.5KHz 

* 3” Tweeter 2.5KHz-19KHz 

%* 5” Mid Range 600Hz-8KHz 


x 3-way crossover 6dB/oct 1.3 and 6KHz 


Recommended Cab-size 26" x 13” x 13” 
Fitted with attractive cast aluminium fixing es 
cutcheons and mesit protective gully which are 
removable enabling a unique choice of cabinet 
styling Can be mounted directly on to baffle 
with or without conventional speaker fabrics 
All three units have aluminium centre domes 
and rolled foam surround Crossover com 
bines spring loaded loudspeaker terminals and 
recessed mounting panel 
Price £22.00 per kit + £2.50 postage and pack 
ing, Available separately, prices on request 


12" 80 watt R.M.S. loudspeaker. 

A superb general purpose twin cone loud 
speaker. 50 oz, magnet. 2 aluminium 
voice coil. Rolled surround Resonant fre 
quency 25Hz. Frequency response to 
13KHz. Sensitivity 95dB. Impedance 8ohm 
Attractive blue cone with aluminium 
centre dome. 

Price £17.99 each + £3.00 P&P. 


TYPE'E TYPE 'F* B.K. ELECTRONICS DEPT.EK 


37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS9 5TY 
%& SAE for current lists. % Official orders welcome. ¥ All prices include VAT. % Mail order only. & Allitems packed (where 
applicable) in special energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572. 


Modules with integral toroidal 
ap transformer power supply, and heat sink, Supplied 
48 one complete built and tested unit. Can be fitted 
in minutes. An LED Vu meter is available as an 
optional extra 
SPECIFICATION: 
Max Output Powe 


: 110 watts R.M.S. (OMP 100) 


310 watts R.M.S, (OMP 300) 
Loads: Open and short circuit proof, 4-16 ohms. 
Frequency Response: 20Hz — 25KHz +3dB. 
Sensitivity for Max. Output: 
500mV at 10K (OMP 100) 1V at 10K (OMP 300) 
T.H.D.: Less than 0.1% 


__. OMP 300 460 x 163 x 66mm 

Pricos: OMP 110 £31.60 each + £2.00 P&P. 
OMP 300 £89.00 each + £3.00 P&P 
Vu Moter £6.50 oach + 50p P&P 


a RY 
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UNIVERSAL NICAD CHARGER TYPE FC4 
£24.50+ £1.50 PaP 


:240 V AC 60 Watts. 


Power requirement 


Constant current 
generator : Variable from 10 mA to 
4 amps, Log Scale. 
‘Regulation .OK’ lamp 
extinguishes on too high a 


load. 

Auto Timer : Variable from 1 min. to At 4 amp rate SD CGS we vasa, 60 mins. 
60 mins. + 14 hrs. switched CColls: v4 he 30 mins. 
position. 506 C Cells .... 18 mins. 
Manual start and stop AA Cells ...... 7 mins. 
buttons. 

Timer on lamp. (Note: Lower currents and longer times may of 

Other indicators : Power on lamp, mains course be used) 
switch on current control 
knob. 

Capabilities : Will trickle charge at SOUTHERN TECHNICAL 
14 hrs. rates up to 12, SYSTEMS, 

1.2 V Cells or 2110 mAH UNDERLYN FARM, 
8.2 V mass plate cells. MAIDSTONE ROAD, 
Will fast charge up to 7 of MARDEN, 

most types of sintered KENT TN12 9BE 


1.2 V cells within one hour. Telephone Maidstone 831022 


The first electronic comic-book 


BANISH tHe 
/ \ i i é ai iy 


dee: 
7 
Hi 


OF ELECTRONICS 


Excitement, entertainment, circuits. 
Complete with printed circuit board and Resimeter. 


Further adventures and circuits coming soon — 
starring Resi & Transi, of course! 


Elektor Publishers Ltd., Elektor House, 10 Longport, 
Canterbury CT1 1PE, Kent, U.K. 
Tel.: Canterbury (0227) 54430. Telex: 965504. 


Office hours: 8.30 - 12.30 and 13.30 - 16.30. 
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DIGITAL & ANALOGUE 1.C. SECTION 


COMPUTER 
TALS 


74LS00 
7acsoz 11 


74LS04 12 
74LS05 12 
74LS08 = 12 
74L$10 12 
74U$11 12 
74814 
74U820 13 
74L$30 12 
74U832 13 
74U83?7 14 
74L838 14 
7418428 
74U$47 38 
74L851 4 
74L873 18 
74LS74 16 
7487516 
7487615 
74L885 40 
74\S86 16 
74L890 2 
74.892 30 
7419932 
74.$107 20 
74S112 20 
748123 34 
74S125 24 
74$126 
74813234 
74813623 
74$137 90 
74$138 
74.$139 27 
748145 70 
74814875 
74U$151 40 
74$153 40 
74.S165 30 
745156 36 
74815727 


74LS16) 
74L8163 
74L8164 
74L8165 
74L$166 
74U8173 
24U8174 
74U$175 
74U8191 
24L$193 
74L$196 
74L$196 
74L$197 
74.8221 
74L$240 
74L8241 
74L8242 
74L$243 
7418244 
74L8245 
74L$251 
748253 
74.$257 
74L$259 
74(S266 
74.8273 
2418278 
7418299 
74L$367 
74(S368 
7418373 
7408374 
74.8378 
7418393 


40 
7400 
7401 
7402 
7403 
7404 
7408 
7406 
7407 
7408 
7403 
7410 


7482 
7483 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74104 
1 | 24107 
19 | 7412 
MW | 24123 
12 | 74125 
13 | 74126 
38 | 74141 
20 | 74151 
20 | 74154 
14 |.74185 
14 | 74166 


FSHSSSSSRSASSSSHRHHRSSESSELSHRESSSE, 


BBSSRSVERSSSLRRRRSSTSSSSRRRRBB: 


“74157 
74190 
“74191 
74192 
74193 
74393 


CMOS 
4000 

4001 

4002 

4008 

4007 

4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029, 
4030 
4041 
4042 
4043 
4044 
4046 
4049 
4050 
4060 
4069 
4070 
4071 
4072 


ELECTROVALU 


elektor march 1983 


@ 24 HOUR NORMAL DESPATCH TIME 

@ ESTABLISHED 1965 

@ ALL GOODS GUARANTEED BRAND NEW AND 
TO SPECIFICATION 

© APPOINTED SIEMENS DISTRIBUTORS 


BOXES 


High quality Black ABS plastic or die 
Ca8t plain oF stove grey 


Low OD 
50 80 25 


t WO 
72 47 25 
120 50 35 
180 110 55 


‘ABS 


Plain Stove Gr 


——_ 001P 90p 5001 123p 
100 60 25 2002 9p 5002P 117p 5002 164p 
113 6331 2003 109p 5003P 143p 5003 184p 
12) 66 40 2004 115p 5004P 162p 5004 210p 
152 82 50 2005 194p 5005P 216p 5005 268p 
192 113 61 2006 236p 5006P 314p 5006 401p 


VERO RANGE plastic boxes 


21024 
21390 
21391 


G RANGE professional instrument 


Bap Cases 

gp 136 90 44 21089 £7.68 

yep 224 140 64 21090 £11.62 
302 170 84 21091 £18.78 


VEROBOX CASES 


to give @ completely professional fi 


project 


ish to. a much valued 


ABS, light grey top: dark grey bottom ~ 2 anodised panels 


L D 
208 140 
205 140 
205 140 
180 120 
180 120 
180 120 
185 85 
185 85 
155 85 
125 65 
125 65 
125 65 


TYPE PRICE 
21034 £4,652 
21035 £5.02 
21036 £6.54 
21037 £4.11 
21038 £4.40 
21039 £4.69 
21040 £3.31 
21041 £3.31 
21042 £4.30 
21047 £2. 

21048 £3.16 
21049 £3, 


SEMICONDUCTORS | 


1NS14 
iNiae {0 
1NS16. — O2N 
1N4007 (08 
1N4148 (03 
1N5402 14 
1N5407 18 
2N697 
2N706 
2N930 
2N1132 
2N1302 
2N1303 
2N1304 
2N1305 
2N1306 
2N1307 
2N1308 
2N1309 
2N1599 
2N1613 
QN1711 
2N1893, 
2N2218A 
2N2219A, 
2N22224 
2N23694 
2N2484 
2N2646 
2N2904 
2N2904 
2N2905A 
2N3053 
2N3054 
2N3055 
2N3405 
2N3663 
2N3702-11 
2N3771 
2N3794— 21 


ALSRVRRBARVRKSKARSSSagegsesysy 
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2N3819 
2N3820 
3823 
2N3904 
2N3906 
2N4036 
2N4058.62 
2N4124 
2N4126 
2N4284 
2N4286 
2N4289 
2N4291 
2N4292 
2N4991 
2N5062 
2N5192 
2N5195 
2N5457 
2N5458 
2N5459 
2N6050 
2N6057 
6F40 
16F40 
40HF40 
40361 01S 
40362 
40406 
40408 
40412 
40430 
40594 
40595 
40636 
40673 
49903 
AAN3 
AANE 
BAN? 


| Aatis 
60| ACI26 
15| AC127 
15] ACI28 
ACIBIR 
ACI53K 
ACI76 
AGYI7 
ACYIB 
ACYI9 
ACY20 
ACY21 
ACY39 
ACYat 
AD136 
AD142 
0149 
0161 
AD162 
AFING 
AFIS 
AFIIG 
AFIN7 


az Nasi8eensieerenesmnsa 


AFI26 
AFI27 
‘AF200 
F239 
‘F279 
108 | AFYI2 
100] AFYI6 
123) AFY180 


VISSRRBSESTRESSRRIT RRR 


AFI24 AF125 37 


327N 
310N 


123) AFYiBE615N 


147| Arva2 
145 | AU106 
16| AUNT 
13] Au116) 
9] Auy22 
13| 80140 


461N 
240 
(use 


10.6 
2N 


80146 
80226 
81906 
BA379 
BAS40-03, 
8AS70.03, 
BAT) 4-036 


1.75 


e409 
8C107A,8 


BC10BA/8,C 16 


8C1098,C 


BCI2iW  30N 


BC122Y 
8C125 
BC125 
8C140 
C141 
BC147A 
8C149 
BCI54 
8C160 
BC161 
BCIE7A 
BC1678 
BCI6BA 
BC168B 
BC1698 
BC169C 
8C1778 
8C178B 
8C1798 
BC182 
BC182L 
8C183 
BC183L 
8C184 
BC184L 
BCc202v 
8C212 
BC212L 
8213 
BC213L 


0N 
45N 


38 
Pa 
36 
ri 


3 
6 
18 
100 


SSSSSSSSSSSsssSSSSSSSRRSSSRVB 


4081 13] LM380NE 80 
4082 13 | LMaein 145 | TAA2761 72 | CRYSTALS 
4093 20 | Lm362N 115 | TAA4761A 113 | (in MHz) 4.433 128 
4510 45 | CM3900N |bo | TAA765A 120 | 0.032768 102 4.915 167 
| 4511 45 | CM3914N 200 | TABIO41K 187 | 0.100000 453 5.000 167 
4614 110 | CM3915N 200 | TBAIZ0AS 62) 1.000 453 6.026 128 
4516 83 | Nesey. 23 | TBAI2Z0U. 72 | 1.8432 320 6.000157 
4518 40 | NesseA 45 | TBA800 75 | 2.000 268 «6.144 187 
4520 60 | Nese7N 104 | TBAIOS 75 | 2.4576 268 6.5536 128 
4543 75 | pcaisine 80 | T8A820 75 | 3.2768 198. 8.000 1.88 
4583 90 | soaie 290 |.TBB1458 62. | 3.579 128 8.867 128 
Soaip gat. | TeB14588 40 | 4.000 —-102_—«*10.000S 187 
Many other | Soane gay | TCAIOS. 120 | 4.194 128 18.432 188 
types in stock — $042P 138 | TCAI05B 108 
see current price BO 11.23 Tee leeS He 
is 1788 31.00 
Hat, $187, 13:28 | TCA208K 200 ZENER DIODES 
35668 314 | TCA335A 66 | 400mV/2.7-35V 7p; 1.3W/303-100V 
All above prices | Seven 34g | TCA348A 109 | 18p; 20W/7.5-76V £1.98 
are NET and $5768 235 | TCA345W 177 
shown in pence. | S576C 235, eda a 
$5760 225 
ANALOGUE $1469 468. | TCA871_~—«114 | REGULATORS: 

7805, 7806, 7808, 7812, 7815, 7818, 
709C5 49 | sapo6oo 425 | TCASSS = 228. 4 7 58L12, 78L16. 
Foscis aa | Snes 425 | Teages jg | 7824 each 40p. 7BL05, 78112, 78L16, 
723C14 8 | Sapszi0 git | TCASGGK 120 | JEL! A Fahy ons. goLbo, 
pares 87 | SABI211 168 | TERS ey 8 | 79LI2, 79L15, 79124 each 60, 

7418 56 | saB4209 497 | TCA991K 100 
741014 47 | SAB8256C TOA2002 120 
7418 56 36.49 | TOA2003. 126 CONNECTORS 
741014 65 | spazoo7 968 | TOA2030 150 
748¢8 35 | Soaz008 676 | TOA40508 144 | pINauoio PARALLEL TYPE 
1458C5 62 $0A3205 724 | TOA4290 169 | Pins plug skt Plug Skt 
1458C14 40 | SDA3206 406 | TOAIGOO 184 | 3 fH wey 130 139 
7106 450N | SAD1024 900 | TOA4700A 546 | 3, OR Am A Rd 
7107 SOON | SAyi31 2a¢ | TOAA71BA 436 | S190 tip tip Senay Nee 198 
555 18 SAJ141 27a | TFAIOOIW 262 | 5 (240%) 18> 8p 40 way 1,05 2.10 
7558 80 | Say205 ato | TLO7ICP «a5 | & #2 “ 
556 45 | SAS231W 260 | TLO72Ch 75 ere 
CA3046_ «= 70 | SAS251 142._-| TLOZACN 100 
CA30B0E 70 | Sasseo 196 | TLOBICP 26 
CA3130E 90 | Sass90 196. | UAAI70 «165 25 for 
CA3140E 45 | SOABEBOA UAAI7OL 162 0M 
UM301AN 25 ‘5.65 | UAAI80 165 10N 
LMg0gN 60] Taa7er tog | VAAISO 141 aan 
(M317k 295 | TAA761A 4g | XR2206 300 24oN 
UM324N 32. | TAA765A 62. | 2N414 80 | fim = Mo We 2214 28ON 
UM348N 65 | TAABG1 = 103.«| ZNA24P 99 og aN 
UM380N 66 | TAABGSA 59 | 2N425E 350) 0. semieg 40-28 Boon 
METERS tsice ance of yp0s in stock also probes, 
leads, accossories, otc. 
PANEL MOUNTING in 50, 100, 500uA; 1, 6, 10, 50, 100, 
500mA; 1A either model, 
—_—_.. | 
MU Range ff T Range 
Ce ROG See 
£5.96 RF CHOKES 8T Sori 
1, 1.5, 2.2 otc. to 33H ea. 30p. 47, 
68, 100 etc. to 680,H 0a. 33p, 1006, 
MULTIMETERS 1600 etc. 10 4700,H ea. 36p. 
NH56A YN360TR & 
NEN yonnv; JO —} | PANELLAMPS 
20K0/V AC/DC/R/ LED chrome, 5V filament 
AC/0C/ ab /Transis = fed 54 3015F 8 mA 255 
RES/d8 tor Test: LED yellow or 3015F 15 mA 
in 23 a eon 70 By 
ranges: ranges: ie high efficiency) —__} 
130.» 88 x 145% 96 * [ag Filament in red, 
37mm ‘46mm amber, green or 
S11.20N £16.45N. clear. KNOBS 
6V60mA 48 | Black plastic 
8c214 BFR39-41 23 | E1210 7 | 14V40mA 64 | KI skirted with 
BC214L BFR79.8) 23 | £2506 164 | LED's spot 16 
8C238C BFT6s © 119 | £8383 20 | Smmred 10 | K2asKk1,35mm21 
BC239C BFT66 192 | MJ2955 90 yellow 19 K3 pointer 16 
BC258B BFX29 24 | MJE340 55 green 16 K7 19mm knurled 
C2678 BFX84 MJE2955_ 6. Mountings, 865 23 
8C300 BFX85 MJE3055 70 3 | K@ as K7 + skin 
BC301 BFX87 MPF102 40 23 
8C303 BFX88 MPS6531 40 (| DISPLAYS 
80327 BFYSO MPS6534 42. (| 7-sogment 
ie) Re Alia & | aap 
8¢337 ¥' anode 
8338 BFY90 NAS206S5 81 | MAN72Ared 75 | GEctesRGEABLE 
C413 BR34 oad? 32 | MANB2A yoliow | SES - og 
C414 BREG 0A90 10 110 pC 248p 
BC477 BRY39 OA91 10 | MANS2A green | D(4AH) 410p 
BC546 BSX20 OA95 DIS 110 PP3 cell (7-2V) 
BC547 BSX26 A202 14 Common PP3 charger 449p_ 
BC548 BSX63 oc28 7 cathode NC756 599N 
BC549 BT106 oc29 3 MAN74A red 85 CHARGERS: 
8550 BT108 0635 75 | MANB4A yellow FOR ABOVE 
80556 BU105 0636 90 110. | torany two pais 
BC557 BUI24 0ce4 25 MANS4A green AA, Cor 0 No 
BC558 BU208 PM7A2 373 110 NC1230 992N. 
BC559 BUX26 PN70 10 
BC560 BUX28 PN72 6 


8C879 
8880 
BCY31A 


RRKLSSSSRRARK eeSeesyes 


28 


BERGA 


BUX81 
BUX85 
BUZIOA 
BUZ15 
BUZ20 
BUz23 
BUz24 
8UZ32, 
8U233 
BUZ41A 
BUZA4A 
BUz45 
BUz48 
BUZ50A 
BUZ54A 21 
8UZ80 
guz83 11.29 


aRREae: 


_i8e 
BBLSS 


10601 
C0326 460N4 
C0340 490N4 
C407 7 
C0546 126N1 
C762 40 
C1406 7 
04 clip for 
C1406 and 
£2506 10 
01046 cy 
E1110 76 


easestt i%¢ | POTENTIOMETERS 


Q4025H — 450 | Carbon Rotary (P20) 1000hms — 4M? Iin.| 
727000 189_—'| 2200hms — 2M2 log. 32p each w.switch| 
128000" 104 | 87p. Dual gang (JP20) 4K7 — 1M2 lin, of| 
TAG3-400 100 | log 95p w.switch £1,50 

TAG209-400 85 
TAG209-600 


TIC1060 
TICIO6M 


SLIDERS 

130 | 58mm, low cost 10K 1M log only 29p. Std 
58mm mono 4K7 — 1M lin, or log 74p 

stereo matched £1.25. Graduated bezels 34p 


CAPACITORS LS 


5% Tolerance 160V 
5,7, 10, 12, 15, 18, 22, 27, 33, 39pF 16p; 
47, 56, 68, 82,100, 120, 150, 180, 220, 
270, 330, 390,'470, 560, 680, 820pF, In, 
4n2, 1n8, 1n8, 2n2, 2n7, 3n3, 3n9, 4n7, 
10p; 5n6, 6n8, 8n2, 10n, 13p 

Coramic Very small 1.8, 2.2, 2.7 etc, up to 
Tn Sp each. 1n5, 2n2, 3n3, 4n7, 6n8, Bp: 
10n, 2n, 6p: 33n, 47, 7p; 100n, Bp 
Polyester, Siemens Layer Type 7.5mm. 
lead spacing 100V 

In, 1n5, 2n2, 3n3m 6p; 4n7, 6n8, 8n2, 10 
12n, 15n, 18n, 22n, 33n, 47n, 7p 66n, 68n, 
7p; 82n, 100n, 9p 120n, 150n, 16p; 180n, 
220n, 12p; 270n, 330n, 330n, 390n, 470n, 
45p; 560n, 680n, 24p; 10mm spacing 1uF 
25p: 15mm spacing 2u2 36p; 22.6mm, 
‘spacing 1uF 400V 50p; 3.33uF 100V 69p; In 
dapth stocks. 


ELECTROLYTICS 

1/63 1000/10 19 
2.2/25 a 1000/16 26 
2.2163 9 1000/25 38 
4.77/63 9 1000/4044 
4.7/100 4 1000/63 76 
6.8/40 9 2200/6 09 
10/6 13 2200/1644 
10/28 3 2200/26 

10/40 1 2200/4073 
10/63 12 4700/16 2 
10/100 16 4700/25 0 
22/10 9 

FAS 1} TANTALUM 
22/63 agi (BEADS 

22/100 16 (9.1/3 13 
47/3 3 0.22/35 13 
47/10 047735 13 
47/25 12 1,0/35 13 
47/40 15 22/16 13 
47/63 1 22/3518 
47/100 18 47/16 16 
100/3 9 4.7/35 8 
100/10 12 6.8/16 16 
100/16 12 6.8/25 Pay 
100/26 12,—=—«10/6.3 16 
100/40 6 10/16 8 
100/63 20 10/25 18 
100/100 27 22/6.3 18 
220/10 16 22/16 x0 


220/16 16 22/25 ci 
220/25 16 33/6.3 m4 
220/40 20 33/10 30 
220/28 2B 4716.3 30 
220/100 42 100/10 66 


470/10 19~—‘For ‘full ranges 
470/16 19 of _very_-many 
470/25 19 ~— other types 
470/40 —-27_—please see Cat 


470/63 45 82 and/or cur- 
470/100 73~—_rent price list. 


SOLDERING IRONS 


Also large stocks of bits, desoldering 
devices, accessories, etc. 

ANTEX C 240V' £4.60N: _X.25-240V 
£4.70N; CSBP £5.45N; XSB £6.56N; ST4 
Stand £1.70N 

ORYX 50 watt temp. controlled £16.50N 
SOLDER 500gm/18SWG £7.60N; Desolder 
braid 1.5m 64p 


SWITCHES 


Type CK—1P/12 way, 2P/6 way, 3P/4 
way, 4P/3 way 48p; Min Toggles ='S7101 
SPOT 7p: $7201 DPOT 80p; S7301 3POT 
£1,64; S7203 DPOT 96p; Push Button min, 
8531 make/8533 break 62p; 8225 DPOT 
£1.34. 

DUAL IN LINE ERG colour coded 0.3" 
0.1” format. On/OH single throw 2P SDS2 
Bap: 4P SDS4 95; 6P SOS6 £1.38; 8P SDSB 
£1.87; 10P SDSO £2.10. Low cost D-I-L 4P. 
ONS04 65p; DNSOB £1.00 


LATEST EV PRICE 
LIST FREE 


includes many new additions to items in our 
catalogue. 

CATALOGUE inc! 70p refundable voucher, 
70p post free, making it an invaluable buying 
guide, with price list, 

Large 8.0.0. brings price list FREE 


RESISTORS 


1/4, 1/3, 1/2, 3/4 watt ~ all 2p each, 10 
of one value 16p 

2% Mullard metal film 5.1 ohms — 300K 5p 
each, 10 of one value 40p 

5% wire wound 3W or 7W, most E12 values 
1.2ohms to 8K2 9p each 10 for 70pN 


neces 


CREDIT CARD ORDERS Fy 
lcan be accepted via Mail Order 


lor Telephone. Giro A/o no i 
'38/671/4002. t 


VAT additional at 15% on all UK orders 
FREE POSTAGE and packing on UK 
C.W.0. orders value £5.75 (inc. VAT) and 
upwards. Under £6.76 add 40p (inc. VAT) 
DISCOUNTS on orders over £23.00 — 5% 
£57.60 — 10% 
Not applicable to ‘Net’ items (shown by ‘N’ 
after the price) or to orders paid for by credit 
cards. 


PLEASE MENTION THIS JOUR- 
NAL WHEN ORDERING OR 


TIC1260 ‘each. 

TIC2060 PRESET 

TIC2260 Min. 10mm dia. Hrix. or Vert, 1000hms — 
TIC2360 1M 13p 

TIC2460 Preset Cermet rectilinear type 89P 1000hm 
TIPBIA — 1m £1.06 each 

TIP32A Preset Cermet 10mm dia. Horiz. or Vert 
TIPATA 1000hm ~ 28p 

TIPAIC Plesseyu MPW T moulded carbon 470hms 
TIPA2A — 2M2 59p each 


WRITING IN TO US 


Tip42c 
TIP150 
TIP2955 
TIP3055 
TiS43 
U763 


Head O1 
28K St. Judes Road. Englefield 
Telephone: Egham (STD 0784: 


\VNBBAF Computing Shop — 


wo2 


pdSeagsasasasagsasecess 


ELECTROVALUE LTD 


fice, Mail Order Dept and Shop 


Green, Egham, Surrey TW20 0HB 
London 87) 33603; Tolex 264475 


VNIOKM [Also in Manchester for personal shoppers at: — 
VN46AF 680 Burnage Lane, Burnage, Manchester M19 1NA 
VNGGAF Telephone 061-432 4945 


700 Burnage Lane, Manchester Telephone 061-431 4866 
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= 20 figeenes STREET, 
RA ATE, 
AMBIT international) COLT See 
Tel. Thanet 54072 


200 North Service Road, Brentwood, Essex We stock a vast range of components for the amateur 
TELEPHONE (STD 0277) 230909 TELEX 995194 AMBITG POSTCODE CM14 4SG and professional engineer 


DOUGLAS ELECTRONIC COMPONENTS 
A N N L EY E L ECT R O 90 Wellington Street, Stockport, Cheshire. SKI 3AQ 
190 Bedminster Down Road (% isp CONNECTORS. DECKS FUSES - HEADPHONES 


+2) 
i j (7.2 LEADS MICROPHONES - MULTIMETERS - PROJECT 
Bedminster Down, Bristol BS13 7AF | BOXES - SOLDERING IRONS SPEAKERS - STYLI & 
Tel: 0272632622 f CARTRIDGES TOOLS - VEROBOARD ETC. 


Open: Mon-Sat 9 am-6.30 pm A\ a Tel:061-480 8971 
Lightning Electronic Components 


Thine | ELECTRO SUPPLIES 


A huge selection of electronic WHOLESALE & TRADE COUNTER RETAIL SHOP 
components available to callers at our BOWNESS MILL - SHAWCLOUGH RD. 6A, TODD STREET 
showroom or ti WATERFOOT - ROSSENDALE MANCHESTER 
m erauen our express LANCS (Next to Victoria Station) 
POSTAL SeIViCS, TEL: ROSSENDALE 215556 TEL: 061-834 1185 


Retail and trade supplied. 


SPECIALIST ELECTRONIC Cl MPO! 
325 Edgware Road, London W2 1BN. 
Tel. 01 7234242 


ECTROVA 


Head Offico, Mail Order 


Telex 295441 Also in Manchester for pors 
Stockists of Texas, National, Thomson (CSF), pareaders 
Siemens, Crimson Elektrik, Thandar, RCA, Computing Shop North: — 


700 Rurnage Lane, Manchester Telephone 061-431 4866 


a 


CARDIGAN ELECTRONICS E \ AOS 
Chancery Lane, Cardigan, 
Tel: Cardigan (0239) 614483 


Bahco Tools Ltd., and many more. 


Open: Mon-Sat 10am-5pm. Closed Wed. High March, Daventry,|Northants NNI14HQ. 
jectronic components 
BBC computer stockist. Tel: 03272 5523 Telex: 311245 GRENELG. 

Buothou GARLAND BROS. LTD 

Electronic Components Specialists 

EERE ————— 
WHOLESALE ELECTRICAL SUPPLIES GE Chesham House, Deptford Broadway, London, 

INDUSTRIAL AND DOMESTIC 
Palladium House Boundary Road StHelens Merseyside WA10 2LL ELECTRONIC Janmsen 


COMPONENTS : ‘e 
Telephone 0744 27873 or 20030 Tolonhone gol Bezaal2 


| CRICKLEWOOD ELECTRONICS LTD. L.F. HANNEY 


STOCKING PARTS OTHER STORES CANNOT REACH! 


40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET. 77 Lower Bristol Road, Bath, Avon. 
TEL: 01-4520161 Telex: 914977 Tel. 0225-24811 

ELECTRONIC COMPONENTS i Re 

& SEMICONDUCTOR SPECIALISTS Hd paisiaers component specialist for Avon, 
TRADING IN SUCCESSION TO its. & Somerset. 

A. MARSHALL (LONDON) LTD. Closed Thursdays 


404 Edgware Road, 
London W2 1ED. 
Tel. 01 723 1008 - 
Telex 262284 - 
Monoref 1400 


CRYSTAL 
ELECTRONICS 


TEST EQUIPMENT & COMPONENTS 
209 Union Street, Torquay, Devon. Transistors, ICs, Capacitors, Semi-conductor, Resistors, 
Tel. Torquay 22699 Relays, Potentiometers, Presets, Trimmers, Rectifiers, Zeners, 
[ | SCR, Triacs, etc. 
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TRY US FIRST PROGRESSIVE RADIO 


ELECTRONIC COMPONENTS AND GENERAL “THE ELECTRONICS SPECIALISTS’ 
ELECTRICAL SUNDRIES Aerials/Components/Ham & CB Radio — a fully comprehen- 


sive range. 
J. T.FILMER 93 Dale Street, Liverpool L2 2JD. 


Tel. 051 236 0982 
82 DARTFORD ROAD DARTFORD Also at 47 Whitechapel, Liverpool. 


Telephone: 24057 Tel. 051 236 5489 


Es ompLEGHNOM ATIC Lr E SERVIO 
i RADIO o 


16 Brand Street, Supply 
HEMMINGS =e" | SHUDEAILL croy us. 
‘ Tel. 0462 33031 53 Shudehill, Manchester M4 4AW. 

Shop opening hours: 


pian i Eee ELECTRONICS We stock a wide range of components 


Mail Order enquiries welcomed. 
Sat 9am to 5pm Electronic Components & Microcomputers 4 
Wed closed Tel. 061 834 1449 


(Marshalls 


156 Merton Road, 
South Wimbledon, 
London SW19 1EG. 
Tel. 01 542 6525 


EXTENSIVE RANGE 
OF COMPONENTS 
AND BOOKS. 


established 
94 


Electronic Component Distributors 
85 WEST REGENT STREET 
GLASGOW G2 201 
TELEPHONE: 0413324133-4.6 


we? yee - ELECTRONIC 


C' COMPONENTS, 
Judge us by the company we keep — E gO \\) , 
Siemens, Texas, National, Mullard, Leader, ITT, cP? ct wh TEST |EQUIPMENT, ELEKTOR 
Global Specialities, Piher, Sinclair/Thandar, Greenwood, Ve PCBS AND BOOKS TECHNICAL BOOKS. 
Abrow Antex, 8 iam Aver; Motorola € 7 OLDFIELD RDSALFORD TEL: 061 834.4583 


MAPLIN alelator 


ELECTRONIC PEM LTD 
P.O. Box 3, Rayleigh, Essex SS6 8LR. Telephone: Southend (0702) 65291 1/554155 


Ec eaee merecenrer aie, when ordering goods or requesting 
22s anidon ign Westclt-on-See; Geet, Tat (0702) 554000 information from advertisers. 


P.A.T.H BIRMINGHAM BBaDR DTATATC I ELECTRONICS] 
eS en a ape TEL: 021-327-2339 (8) aivio NG; 
SPECIALIST REPAIR, DESIGN & CONSULTANCY 
Electronic Services FOR ALL TYPES OF ANALOG & DIGITAL SYSTEMS. 
vast choice of components for the electronics 


hobbyist and the professional. 20 A EDWARD STREET, BIRMINGHAM Bi 2RX 
Callers most welcome. Tel: 02 1-236 5036 
26/26 Parnel Street, 


the world of electronics Resustis of Ireland 
Tel. 749973/4 


FOR COMPUTERS, ELECTRONIC 
AND VIDEO GAMES, COMPONENTS. 
(ATARI SPECIALISTS) J 


T. POWELL comme 


311 EDGWARE ROAD, LONDON W2. TELEPHONE OI 723 9246 | irs pesisToRS, SEMICONDUCTORS, CAPACITORS, 


; as LINEAR & DIGITAL ICs, HARDWARE, TOOLS, BOOKS. 
Shop hours: Mon. to Sat. 9a.m, — 6p.m. ACCESS and BARCLAYCARD welcome | 


STEVE’S ELECTRONICS 
SUPPLY COMPANY 


45 Castle Arcade, Cardiff CF1 2BU, Wales. 
Tel. 0222 41905 


11 Boston Road, London W7 3SJ 


ELECTRONICS] 


Just phone 01 5-6-7 8-9-10 
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WAVEBANDS 


103 Coventry St. Kidderminster (0562) 2179 
For all your components requirements 
Same day despatch of all orders available from stock 
Catalogue now available for only £0.50p 


CHORDGATE LIMITED 


RETAILER SHOPS AT 
75 FARRINGDON ROAD 
SWINDON, WILTS. 
Tel. (0793) 33877 


21 DEPTFORD BROADWAY 
LONDON SE8 


when ordering goods or 
requesting information 
from advertisers. 


Please mention 


elektor 


INT ERN fi \ ION AL | Banstead, Surrey SM7 3NB, Tel. 073 7354474 | 


AUSTRALIA LILLIE ELEKTRONIK 
89 Sondergade 
6500 Vojens 

FRANK MATHIAS 

715 George Street 


AAGE NIELSENS EFTF 
1 Sortedam Dosseringen 
2200 Copenhagen 

Tel. 01393010 

Telex 27590 AANIL 


(opp. Rawson Place) 
Sydney 2000 
Australia 
Tel. 211 - 5003 
(Elektor magazine, back issues and books 
only are available) 
ROTEC 
16 Jernbanegade 
4800 Nykobing Falster 


BELGIUM 


VADELEC ELECTRONICS 
24-26 Avenue de |’Heleport 
1000 Bruxelles 

Tel, 02 2182640 


WK ELECTRONIC 
6 Skoletorvet 
8600 Silkeborg 


Telex 26061 FINLAND 
AMERTRONICS OY 

DENMARK Vesijarvenkatu 33 
SF - 15140 Lahti 14 

BN ELEKTRONIK Finland 

Haraldsgade 69 


BEBEK ELECTRONIC KY 
Rautatienkatu 16 

SF - 15110 Lahti 11 

Tel. 918 - 40666 


DK 2100 Kgbenhavn 
Tel. 01 18 2002 
Telex 27255 bnelco dk 


BN ELEKTRONIK 
Lyngby Hovedgade 9a 
DK 2800 Lyngby 
Tel. 02 88 1900 


BEBEK ELECTRONIC 
Pui Jonkatu 26 - 28 

SF - 70100 Kuopio 10 
Tel. 971 - 117667 


DANSK MINI RADIO 
Nr. Farimagsgade ICELAND 
see SAMEIND HF 
364 Ci hi K 
Sea Cohennever PO Box 7150 


Grettisgata 46 


FREDERIKSHAVE HOBBY 127 Reykjavik 


ELEKTRONIK Slant 
9 Havnegade Tel. 91- 

900 Frederikshavn el-181 (121966 
HeLMHoLT eELeKtronik | INDIA 


Farvervej 2 
DK-7600 Struer 


C1OU: T IC: 
Tel. 07-85 26 11 PRECIOUS ELECTRONICS 


CORPORATION 

3 Chunam Lane 

Dadasaheb Bhadkamker Marg 
Bombay 400 007 

Tel. 367459/369478 


HOBBY ELECTRONICS 
37 Nedergade 
5000 Odense 


also at 

9 Athipattan Street 
HOLTE ELEKTRONIK Mount Road 
Holte Midpunkt Madras 600 002 


2840 Holte Tel. 842718 
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D.R. & J.G. 


TAYLOR 


24 Beckenshaw Gardens, Woodmansterne, 


INDONESIA SINGAPORE 
INEL CO. DEVICE ELECTRONICS 
Jin, Aceh No, 61 (PTE) LTD. 
Bandung 104 - 1st Floor 
Indonesia Singapore Electrical and 
P.O, Box 398 Electronics Hardware Centre 
Tel. Bandung 59544 Maude Rd,/Kitchener Rd. 
Singapore 0020 
Tel. 5 
ISRAEL Telex, No, 33250 
ZUR ELECTRONIC 
CENTER LTD. SWEDEN 
1 Hagidem Streer 
Menora Square COILTRONIC 
Jerusalem Box 38 
183 21 Taby 


DIFFUSION DU LIVRE 
FRANCAIS LTD. 
Boite Postale 3172 


Tel. 08 768 3261 
Telex 15326 Elektet 


35 Rue Rashi DATA SELECT 

Tel. Aviv 

Tel. 289075 ELECTRONICS 
Box 146 

"YAIR" S- 183 22 Taby 

1, Hahashmal St. Tel. 46 762 51416 

P.O, Box 1941 

Tel Aviv 61019 INKO’X AB 

Tel, 624057/624398 Box 1057 


721 27 Vasteras 


NEW ZEALAND 


WAIKATO V.H.F. GROUP INC. 


JOSTY KIT, AB 
Box 3134 


P.O. Box 606 200 22 Malmo 3 
Hamilton 

KITEL DISTRIBUTION 
NORWAY Box 6047 


BLEKEN ELEKTRONIKK a/s_ | 5"16206 Vallingby 


Raadyrveien 32B 
N-3160 Stokke 
Tel, 033-36162 


OSLO HOBBYSENTER A/S 
Herslebsgt. 14-15 

Oslo 5 

Tel. 02 679050 


MICRO KIT 

Box 8060 

S-720 08 Veasteraas 
Tel. 021 117079 


SINUS ELECTRONIC 
Box 48065 
S-400 77 Goteborg 


SCANELCO A/S / 
BORRaMES Tel. 031-134121/542348 
N-5047 Stend 

Tel. 05 276885 TURKEY 
PORTUGAL ABC KITABEVI 


Tunel Meydani 1 


TABACARIA BRITANICA Beyoglu 
Praca do Duque da Istanbul 
Terceira, 19 Tel. 442581 
1107 Lisboa Codex 

Tel. 324752 
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 BI-PAK 


P.O, BOX 6, WARE, HERTS. 
SHOP AT 3 BALDOCK STREET, WARE, HERTS. 
TEL. (0920) 3182. 
ACCESS & BARCLAYCARD ACCEPTED. 


BLECTRONIC WORLD 
CIMERICK 


ENFIELD ELECTRONICS 


208 Baker Street 
Enfield, Middlesex. EN1 3uY. 
Tel: 01-366 1873 


WATFORD ELECTRONICS 


34/35 CARDIFF ROAD, WATFORD, HERTS, ENGLAND 
MAIL ORDER, CALLERS WELCOME oe 
Tel. Watford (0923) 40588. Telex: 8956095 Parnell Street — Limerick 


ELEKTOR PROJECTS — we stock most of the parts Republic of Ireland 


L. S Tel, 061-4 1298 aA 
D.R. & J.G. TAYLOR 


24 Beckenshaw Gardens, Woodmansterne, Banstead, Surrey SM7 3NB, Tel. ars 73 54474 


PROJECTS 

RS 232C Compatible Acoustic THE ELEKTOR 

Telephone Modem 83011 P.O.A. 
Talking Board ro -... TMS5100 £ 78,00 

BRAD inaetrat Nena ties METAL DETECTOR 

ini _ 38 ee tage 82020 £ 85.50 
Jonlsar’Case’s «acceces a ae 228 . iy Kit no, 82021. An advanced metal detector 
Humidity Sensor . . 81567 £ 15,00 available in kit form to the home construc- 
Pest Pester . 80130 £ 6.00 tor. Professional quality ABS vacuum 
Metal Detector Kit (Complete) . 82021 £119.60 formed case, complete with 10’ ready set 


Casework only 990214 £ 86.00 UP and foamed search head. This kit can be 
“Mp1 £ 6.40 constructed easily in a few hours. High per- 7 

ie 82021B £ 28.75 formance specification includes phase locked 

Head & Pole Set. 82021C £ 41.32 loop oscillator and discriminator circuitry 

TV {Games Extended. 81143 £ 60.79 giving four reject modes with ground 

Disco Ceiling Lights . . 81012 £ 80.90 effect elimination. 

Disco Light Controller ». 81155 £ 19.83 

LCD Frequency Counter £ 


Elektor, Boards, Books & Software 
Test Equipment, CB and accessories — send s.a.e. for details. 


Legal CB and accessories 


Wagner: Basa yricsicaszet nes owe cametemmutsite vmtas tenia, a Ua TN 
Wagner Mobil.......... arate 
Compact 40........... 
Aerials - Mobile: Mach 11. . . 


Base: 


40p for reprint of Elektor Projects 
35p for 82021 Circuit Modifications only 
Allow 28 days for delivery. 
Hours of Business Mon. - Frid. 9.30 to 5.30 
Payment with order, cheque/P.O. only to 
D.R. & J.G. Taylor No 2 Business A/C 


SWR Meters: PAN 420 .. 


Other Elektor Kits stocked, write or phone to check availability, 
N.B, Power supplies & Cases not normally supplied with kits. 
All above price include VAT, Postage and Packing. 


Have you remembered to renew your subscription to Elektor? 


1983 prices are as fOIOWS: U.K.....cssssssssssssssssk O.0 
overseas surface post...£9.50 


overseas airmail............. £19.50 
SUBSCRIBE NOW-USE THE PRE-PAID ORDER CARD IN THIS ISSUE. 
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Complete set of three boards 
(79073, 79073-1,79073-2), 
documentation and one 

ESS software cassette 


(ESS 007) 29.40 
E49: MAY 1979 
Interface for uPs 79101 1.40 
£50: JUNE 1979 
stereo decoder 79082 2.40 
E53: SEPTEMBER 1979 
parametric equaliser, 
filter section 9897-1 1.65 
tone control section 9897-2 1.65 
£55: NOVEMBER 1979 
topamp 80023. «1.45 
£56: DECEMBER 1979 
SEWAR 80009 2.85 
steam train 80019 1,90 


£57: JANUARY 1980 
digital tuning scale 


(two boards) 80021-1/2 7.05 


Many Elektor circuits are accompanied by designs for 
printed circuits. For those who do not feel inclined to 
etch their own printed circuit board, for their own 
use only, a number of these designs are available as 
ready etched and pre-drilled boards. Delivery time is 
approximately three weeks, U.I./air mail. 
Example: 
digisplay (E13) 9376 3.25 7.25 
1 2 3 4 5 
1. Circuit title 
2. reference to associated article(s) 
3, board number 
K. 
price (in £) inclusive of 15% VAT 
S.A. and Canada: 
5. price in $, not including tax (if any) 
£ $ 
E26: JUNE 1977 
formant: keyboard 
interface (E25) 9721-1 3.35 8. vo boards) 8002 7.08 
£29: SEPTEMBER 1977 pewiols board e 
formant\E25, 26): as eee 
interface receiver 1-2 1.4 50 ’ 
power supply grzigh 660 IS" eco e022 1.85 
Keyboard divides elektor vocoder, ‘ 
(one octave) 9721-4 11308.) BRNO 800681 9.99 
E31: NOVEMBER 1977 bus board 2 go06s-2  ° 
formant (E25. . . £30): filter board 80068-3 3.45 
vco 9723-1 9.90 23.50 input/output board - 80068-4 3.20 
experimenting with the SC/MP: supply board 80068-5 2.85 
RAM-1/0 9846-1 690 16.50 
SC/MP board 9846-20 12560" "Gore ae ee 
£32; DECEMBER 1977 p 
B92: DECEMBER 77 chorosynth 80060 22.15 
VCF 9724-1 4,35 10.60 
experimenting with the E60: APRIL 1980 
SC/MP (E31):CPU 9851a._-«12.90 —.31.—_—aide-de-camp: 12V/2A 70438 1.10 
£33: JANUARY 1978 transistor ignition 80084 3.90 
simple function generator 9453 326 8 
formant (E25... £32): 

ADSR 9725-1 4.20 10.— «B61: MAY 1980 ae Bee 
UAA 180 LED voltmeter Bae ea eee ae mTi60 
(two boards) 9817 2.70 6.50 TOE eis 0 ‘ 
ope ment a De main board 800891 12.60 

bus board (E87) 9857 A= 7.980), ploy boerd 90089-2 1.30 
memory card 9863 12.60 30.— SUPE Doar fi 
E34; FEBRUARY 1978 ‘ 
formant (228. 33h: £63/64: SUMMER CIRCUITS 1980 
STAMP amplifier 80543 1.40 
DUAL-VCA 9726-1 4.35 © 10.50 SRAM core whee 
experimenting with ite programmer p 
SC/MP (E31. , .E33): 
HEX-1/0 9893 18.20 43,50 E65: SEPTEMBER 1980 
£36: MARCH 1978 8K RAM+EPROM card 80120 13.15 
formant (E25...E84); a 
LFO module 9727-1 4.5 = ; 
noise module 7281 i= coleo! E07 NONEMOE A Teee 
4k RAM card 9885 = 14.70 35 — sioie «2.88 
£36: APRIL 1978 fridge alarm 81024 1.45 
formant {E25...£98): i 
com 729-1 4 .50 ; 
elektornado 9874 365 8.50 Beuuaar 1964 
coneotcolinest ace 9905 3 7 _ “Tow voltage board 81085-1 2.30 
JUNE 1978 main board 81085-2 2.45 
-counter 9927 315 7.60 
39/40: SUMMER CIRCUITS 1978 £70; FEBRUARY 1981 
preconsonant 9954 2.26 6.50 _voiced/unvoiced detector 
: 7 detector board 81027-1 3.40 
B41: SER TEMBEBIIAZ switch board 81027-2 4.05 
24.dB VCF 9953-1 4.10 10.— 
E71: MARCH 1981 
E42: OCTOBER 1978 , 
resonance filter module 9951 445 10.60, MW reteler  scrects cu 
VHF/UHF modulator 9967 185 4 reengrter ittee® Sng 
igh Com: 
£43: NOVEMBER 1978 2 complete modules 
ASCII keyboard 9965 770 18.50 Hoult ape eae) * 
i 
E44: DECEMBER 1978 self-adhesive front panel 81117-1 35.70 
elekterminal 9966 780 48 poet supply 811172 2.05 
eel ze: (aboard) ge 2.70 
TUAEIVHE modulator peak programme meter 9860 2— 
(see E42, October 1978) 9967 165 0 4 
main board and E72: APRIL 1981 
documentation 79073 19.95 47.50 transistor match-maker 81123175 
power supply 79073-1245  6.— _intelekt 81124 8.65 
keyboard p.c.b. 79073-2365 8.50 universalpowersupply 81128 2.45 
ORDER ING INFORMATION Payment must be in advance. 
add $ 1.50. 


23.50 


E74; JUNE 1981 
Junior Computer 


interface board 81033-1 19,05 

=12V supply 81033-2 1.45 

adaptor board 810333 1,30 
storage scope 81141 3.80 
£75/76: SUMMER CIRCUITS 1981 
continuity tester 81151 1.25 
loudspeaker peak 

indicator 81515 1.50 
random number generator 81523 2.40 
‘hi-fi’ siren 81525 1.95 
crystal tuning fork 81541 1.70 
hi-fi preamplifier 81570 4.35 
input buffers for the 

logic analyser 81577 2— 
£77: SEPTEMBER 1981 
TV games computer 

extension board 81143 19.— 
disco light controller 81155, 3.20 
DFM + DVM 81156 4.25 
revolution counter 81171 4,90 
digital barometer 81173 3,50 
£78: OCTOBER 1981 
RF-test generator 81150 1.60 
economical fridge 

defroster 81158 1,80 
EPROM programmer 81594 1.45 
wide range dark room 

timer 82004 2.25 
shutter speed meter 82005 3.75 
LCD panel meter 82011 1.65 
£79: NOVEMBER 1981 
teletext 

decoder board 82001-2 5.35 

keyboard section 82001-3 3.15 
sine-wave oscillator 82006 2.10 
telephone amplifier 82009 1,55 
power supply 9968-5A 1.40 
mini organ 82020 3.50 
metal detector 82021 5.65 
LCD frequency counter 82026 2— 
high boost 82029 1.85 
£80: DECEMBER 1981 
70cm transverter (Oct.) 80133 12.50 
teletext 

receiver board 82001-1 4.10 

video control board 82001-4 4.25 

VHF-UHF converter 

board 9864 1.75 
IPROM 82019 1.65 
synthesizer VCO 82027 4.40 
flashing light 82038 1.60 
capacitance meter 

module 82040 2— 
£81: JANUARY 1982 
EPROM programmer 82010 4.65 
synthesiser VCF +VCA = 82031 4.25 
£82; FEBRUARY 1982 
synthesiser ADSR 82032 4,20 
synthesiser LFO 82033 3.90 
10 W/70 cm amplifier 82043 2,50 
teletext power supply 82065 1,55 
talking board interface 82068 1.60 
darkroom thermostat 82069 2— 
universal NiCad charger 82070 2.05 
£83: MARCH 1982 
wind sound generator 82066 1.60 
automatic squelch 82077 1.90 
synthesiser COM 9729-1 4— 
synthesiser power supply 82078 3.70 
bus board 82079 3.35 
DNR noise reduction 82080 2.85 
lead acid charger 82081 1.95 
E84: APRIL 1982 
dynamic RAM card 82017 4.90 
100 W amplifier 82089-1 2.60 
100 W power supply 82089-2 2.40 
2114 RAM tester 82090 1.90 
connection tester 82092 1.55 
mini EPROM card 82093 1.65 
TV sound interface 82094 1,90 
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E85: MAY 1982 E89; SEPTEMBER 1982 £92: DECEMBER 1982 
6502 housekeeper rugby MSF receiver 80524 5.80 15.— in-car ioniser 
main board 81170-1 4.05 9.50 darkroom computer part | power supply 82162 1,50 
display board 81170-2 3.05 7.50 keyboard 82141-1 3.75 ou main board 9823 4.20 
elektor artist 82014 10.05 24.— keyboard interface 82141-2) 2.— 5.— precision power supply 82178 4.05 
2Z80-A CPU card 82105 7.05 t— display 82141-3 2.25 5.50 _ triopodus electrus diclopus 82179 2,95 


82146 1.60 4— 


82147-1 3.— LL 
82147-2 1.50 3.50 
82577 2.70 6.50 


crescendo 82180 4.60 
E93; JANUARY 1983 
3A computer 

power supply 
milli-ohmmeter 


polyformant: 
debounce unit 
input unit 
tune shift 

prop-tachometer 


gas detector 

house telephone system: 
main board 
power supply 

three phase tester 

TV games: 


82106 2.45 6.— 
82107 4.65 1.— 
82108 2.75 6.50 


82116 2.10 5.— 83002 1.85 4.50 


83006 1.90 4.50 


J crescendo 
E86: JUNE 1982 é ‘rapid loader’ ZEEE 18.46 i a eee ncn and 
the ‘Poly bus’ 82110 3.36 g—  EPROMplug:in board 82558-2195 4.50, 4. Protect eee eur 
talking clock 82121 3.15 7.50 
compact shortwave £90: OCTOBER 1982 £94: FEBRUARY 1983 
SSB receiver 82122 5— 12,— darkroom computer part I! audio/video modulator 82190 3.25 7.50 
fluorescent tube dimmer 82128 1.60 4.— __ light meter 821421 1.76 fuse protector 83010 1.55 3.50 
solid state relay 82131 1.55 3.50 temperature meter 82142-2 1.60 universal modem 83011 6.30 12.60 
electronic dog whistle 82133 ~——«1.50 3.50 _ process timer 821423 2.— Prelude 
electronic fluorescent active antenna: headphone amplifier  83022-7 4.25 8.50 
light starter 82138 1.35 3— RF. board 82144-1 1.55 power supply 83022-8 3.90 7:80 
bowel supply r ae Ags connection board 930228 6.25 12.50 
igital thermometer : i iene" 302% (S520 a 
£87/88: SUMMER CIRCUITS 1982 wave shifter for SSB: pain oeemncenn ities 
polyformant: low frequency converter 82161-1 2.05 NEW 
output unit 82111 4.70 high frequency converter 82161-2 2.30 
D/A converter 82112 1.90 E95: MARCH 1983 
stereo power amplifier 82527 1.60 £91: NOVEMBER 1982 64K memory card 83014 7.450 15— 
light-sensitive switch 82528 1.60 += 4.— _ model train lighting 82157 4.05 Prelude 
tape playback preamp 82589. «1.60 = 4.— _ floppy disk controller 82159 4.70 bus board* 83022-11210 24,— 
sound effects generator 82543 2.40 5.50 talking dice 82160 3.— line amplifier 830226 5— 10— 
slave flash 82549 1.45 = 3.50 guitar tuner 82167 2.20 audio trafic lights 83022-10 2.20 4.50 
5V power supply 82570 2.20 5.— _ cerberus 82172, 2.35 digital luxmeter 83037 210 dime 


“available from March 


(rony panels 


front panels for Formant (E25... E35) simple function %, 


interface 9721-F 1.60 —_ generator (E33, E38) 9453-F 2.50 
veo 9723-F 1.60 —  Elektor Artist (E85) 82014-F 1.70 
VCF 9724-F 1.60 — precision power 

R 9725-F 1.60 —_ supply (E92) 82178-F 1.90 
DUAL-VCA 9726-F 1.60 _ 
LFOs 9727-F — 1.60 — NEW 
Chins occa: oaee = Prelude (E94...€96)  83022-F 2.15 


Complete set of 11 panels (includes 3 x VCO and 
2x ADSR): £ 15.80 or $37.50 
24 dB VCF (E41) 9953-F 1.60 4— 
resonance filter 


module (E42) 9951-F 1.60 4— 


45 RPM records with uP programs 
singing SC/MP: well- 


cassette with uP programs 


uP TV gam 


known Christmas 15 programs: jackpot, 
melodies, both as ESS002 140  3.—__reversie, amazone, EGS 007". 4:40, 
SC/MP program and code breaker, etc. 
fli’ 
=e uP TV games: 
NIBL-E ESS004 1.40  3.— _18 programs: invaders, 
for SC/MP: Luna, fishing, maze adventure, ESS009 5.50 


runtext, biorhythm 


me ESS008 2.20 Beg. Memory pontaori nies; 
tracer, disassembler 


HP TV games 


15 programs: aliens, 
flipper, helicopter, pilot, 
basketball, hangman etc. 


—SS010 5.50 W.— 


ORDERING INFORMATION Payment must be in advance. 


1. For UK and all countries except the USA: payment, incl. £0.50 postage and packing direct to Elektor Publishers Ltd., or via bank 
transfer to The Midland Bank Ltd., Canterbury, A/C no. 11014587, sorting code 40-16-11. 

2. For the USA only: please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America,c/o File No. 1504, 
1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prcies include post & packing, surface mail. If air mail, please 
add $ 1.50. 
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Classified ads 


CONDITIONS OF ACCEPTANCE OF CLASSIFIED ADVERTISEMENTS 


1. Advertisements are accepted 
subject to the conditions appearing 
on our current rate card and on the 
express understanding that the 


Advertiser warrants that the advert- 
isement does not contravene any 
Act of Parliament nor is it an in- 
fringement of the British Code of 


Advertising Practice. 


2. The Publishers reserve the right 
to refuse or withdraw any advert- 
isement. 


3. Although every care is taken, 
the Publishers shall not be liable for 
clerical or printer’s errors or their 
consequences. 


FANTASTIC OFFER. 200 assorted top 
specification IC's in manufacturer's tubes 
plus 10 red LED’s and 2 optoisolator IC's 
(worth £ 2.50 alone) plus 44 page Catalogue 
no. 19 packed with thousands of bargains 
for those with electronic and mechanical 
interest. 

Price £6.00 including VAT and postage, 
J.A. CREW & CO., SPINNEY LANE, 
ASPLEY GUISE, 

MILTON KEYNES MK 17 8JT. 


ALARMS! 

WRITE OR PHONE FOR FREE 
ILLUSTRATED CATALOGUE NOW! 
A.D. ELECTRONICS, DEPT. EK 
217, WARBRECK MOOR, AINTREE 


LIVERPOOL 
EN L9 OHV, 051 523 8440 


PCB ARTWORK REDUCTION SERVICE. 
Also - prototype pebs, labels, etc. from your 
artwork. Write for details: M.J. WINFIELD, 
WATERS LANE, MIDDLETON CHENEY, 
BANBURY, OXON. OX17 2NA. 


4. The Advertiser’s full name and 
address must accompany each 
advertisement submitted. 


The prepaid rate for Classified Ad- 
vertisements is 25 pence per word 
(minimum 12 words). Semi-display 
setting £6.50 per single column 
centimetre (minimum 2.5 cms.). All 
cheques, postal orders, etc. to be 
made payable to Elektor Publishers 
Ltd. Treasury notes should always 
be sent by registered post. Adver- 
tisements, together with remittance, 
should be sent to the Classified 
Advertisement Manager, Elektor 
Publishers Ltd., 10 Longport, Can- 
terbury, Kent CT1 1PE. 


THE SCIENTIFIC WIRE COMPANY 
PO Box 30, London, E.4, 01-531 1568. 


ENAMELLED COPPER WIRE 


SWG 1Ib 80z  4oz 
8 to 34 1.90 1,00 
35 to 39 2.10 1,15 
40 to 43 2.65 2,05 
44 to 47 6.32 3.19 
48 to 49 9.58 6,38 
SILVER PLATED COPPER WIRE 


14to30 663 3.86 2.28 1,50 
TINNED COPPER WIRE 
14t030 3.97 2.41 1,39 0,94 


10x 10 Mtrreels 3 amp PVC cable mixed colours £5.00 
Prices include P&P, VAT. Orders under £2 add 20p, 
SAE for list of copper and resistance Wire, 
Dealer enquiries welcome, 


ELEKTOR ISSUES 1 to 93 for sale. Offers 
invited. 

BOOTH, 54 SHAW DRIVE, KNUTSFORD, 
CHESHIRE WA16 8JR. 


advertisement 


advertisers _— 
index 


Ambit International ........ 3-15 
Akhter Instruments......... 3-11 
Blak 6s ae 45,24 ei eaters 3-14 
B.K. Electronics ..... Beerrnrin 3-65 
Cricklewood Electronics . .3-62/3-63 
Dataman Designs .......... 3-75 
Electronics & Computing ..... 3-60 
Electronize Design ..... . 3-17 
Electrovalue ........ car eeerO 
Hemmings Electronics ..... .. 3-10 
Keytronics ioc ek ene O12 
Map linia < o sracivina scixe «ovctocome one 


Southern Technical Systems 3-08/3-66 


D.R.&J.G. Taylor ...... 2. 3-71 
Technomatic ... ». . -3-02/3-05 
Teloman Products..... raven Bld 
The Scientific Wire Company .. 3-74 
TK Electronics ........- ... 309 
Watford Electronics ..... 3-06/3-07 


classified advertisement-order form 


You can advertise on this page 
for only 25p per word (mini- 
mum 12words) or £6.50 per 
cm. Semi-Display (minimum 


2.5 cms.). Print your advertise- 
ment in the coupon and send 
with your cheque or postal 
order, made payable to Elektor 
Publishers Ltd., to the address 
above. All advertisements in 
this section must be prepaid. 


ADDRESS ih ee aoacs tent task 2 Bye ge ade OPI 4 Boras ya PEND paces ge, ysis see ane onvaead ad Se seen eae dks ge tee. Gee debe At 
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advertisement 


is an alternative to AUTOMATIC TEST EQUIPMENT which can be very expensive, 
MICRODOCTOR is perfectly adequate for diagnosing faults in microprosessor 
boards or computers in the REPAIR SHOP or on the PRODUCTION LINE, Reports 
are PRINTED on the integral thermal printer. Tests supported are CHECKSUM, 
RAMTEST, WAIT, READ, WRITE, I/O READ, I/O WRITE, DUMP IN HEX, DUMP 
IN ASCII, TEST DATA LINES (for shorts between data, address and rails), SEARCH 
(for two specified bytes), MAP (print a memory map of ROM, RAM, I/O and EMPTY 
SPACE). Supports both multiplexed and non-multiplexed address/data, Standard 
software will also DISASSEMBLE in Z80 mnemonics — other disassemblers cost 
extra, Programs for board-testing can be written in MINUTES ~ and retained for 
MONTHS even if the power is switched off (CMOS RAM is backed-up with 
rechargeable battery). Capacity is 15 different programs of 12 tests each, Included 
are two PROBE CONFIGURATION CARDS 
(One 280, other uncommitted), PROBE with 
24 inch cable and 40-pin DIL piug — and POWER 
SUPPLY. Extras available are 6502 disassembler 
retrofit . . , £35, 6800 disassembler retrofit . .. £35 
Thermal paper £9.00 box of 10 Clip-over PROBE 
(only needed if uP is soldered-in) .. . £35. Spare 
cards. , . £6.50 


for ET121 and ET221 machines which permit the typewriter to be used as a 
DAISY WHEEL PRINTER for computers implementing the RS232, IEEE 488 
(PET) or CENTRONICS PARALLEL busses: almost all computers in fact. Great 
for word processing and letter-writing! Same price, fitting free if requested (you 
pay carriage on typewriter if we fit). £195.00 


eandan Logie Analyser Enhancements 


The THANDAR TA2080 LOGIC-ANALYSER was NOT designed by DATAMAN — 
but we like this instrument and use it for product development. When writing 
software we use SOFTY for ROM-EMULATION, following the program-flow on 
the TA2080 screen. We modified our TA2080 to make it more useful; adding an 
RS232 OUTPUT TO PRINTER — also Z80 and 6502 DISASSEMBLERS. Now we 
can follow program operation in MNEMONICS on-screen and print TIMING or 
STATE DIAGRAMS and DISASSEMBLED CODE. Cost of this RETROFIT kit (12K 
of program ROM, socket for RS232, interface board, instruction sheet) is, if 
fitted by us and purchased with a TA2080 £195.00 


if purchased as a kit without TA2080 £295.00 


Softy (uith SU 


Yes, we still have a few old faithful 3 rail EPROM PROGRAMMERS around, as 
seon in Kensington Science Musoum, if you aro still using 2708's got yoursolf 
this fine old classic at a bargain price (telephone for stock posn.) £95.00 
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uses the MOST POWERFUL LANGUAGE OF ALL - direct 

ASSEMBLER MNEMONICS, MENTA has VISUAL AIDS to program 
development which the big systems lack: a TV display of PROGRAM, 
REGISTERS and STACK; single-step operation (watch the cursor move from 
instruction to instruction, see the register-contents change, observe stack 
operations, etc.) BUGS can be fixed immediately without reassembling. Full 
speed operation is supported too — with or without BREAKPOINTS. Designed 
originally for the Schools’ Council io teach microprocessing, MENTA is a 
complex CONTROLLER in its own right, like any other Z80 system, with practical, 
commercial applications in ROBOTICS. Features include CASSETTE 
INTERFACE, ASSEMBLER/EDITOR, serial 

DISASSEMBLER (now included as 

standard), 24 bits of I/O —- also TV FLYLEAD, 

POWER SUPPLY and COMPREHENSIVE 

MANUAL with SOURCE-CODE LISTING. 


SOFTY has functions equal, at least, to equipment which sells for over £500. 
SOFTY EMULATES AND PROGRAMS 2716, 2516, 2732, 2532 EPROMS. (The type 
is selected by a personality switch. SOFTY will copy any of these EPROMS to 
any other). SOFTY has a HEX KEYPAD, a fast CASSETTE INTERFACE, a 
MEMORY MAP TV DISPLAY with powerful editing - such as INSERT, DELETE, 
SHIFT-BLOCK and many other facilities - too many to list here. RS232 SERIAL 
and CENTRONICS PARALLEL routines for INPUT 
and OUTPUT are standard. The price includes TV 
FLYLEAD, POWER SUPPLY and ROM 
EMULATOR CABLE WITH 24 PIN DIL PLUG. 
SOFTY is used as a DEVELOPMENT 
SYSTEM for new products or just as a 
‘STAND-ALONE EPROM PROGRAMMER. 


LOMBARD HOUSE, 


Wwraye 
CORNWALL ROAD, eSt YS 


DORCHESTER, DORSET DT1 1RX. 


Telephone: Dorchester (0305) 68066 
Telex 418442 DATAMAN 


Prepaid orders normally shipped by return 
Prices include first-class recorded post in UK 
Securicor. Red Star. etc. at extra cost 
VAT should be added at current rates. 
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SPEECH SYNTHESISER 


FOR 2X31 and VIC20 


THE MAPLIN TALK-BACK 


Now your computer can talk! 


* Allophone (extended phoneme) system gives 
unlimited vocabulary. 
* Can be used with unexpanded VIC20 or ZX81 — 
does not require large areas of memory. 
* In VIC20 version, speech output is direct to TV 
speaker with no additional amplification needed. 
* Allows speech to be easily included in programs. 
Complete kit only £24.95. 
Order As LKOOA (VIC20 Talk-Back). 
LKO01B (ZX81 Talk-Back). 
Full construction details in Maplin Projects Book 6. 
Price 70p. Order As XA06G (Maplin Mag Vol. 2 No. 6). 


KEYBOARD WITH ELECTRONICS |g MATINEE ORGAN =n 
FOR ZX81 a 


aT Easy-to-build, superb 
yy sea fener a d 
mA Eerie ch elie oy wat specification. Compar: 
Le Teleeleloeietet 
fo yea ayeayeayc —e 
alee ; 


able with organs selling 
for up to £1000. Full 
construction details in our 
book (XH55K). Price £2.50. 
— Complete kits available 
* Full size, full travel keyboard that's simple toaddtoyour Electronics (XY91Y) £299.95** 
2X81 (no soldering in 2X81). Cabinet (XY93B) £99.50* 
*Complete with electronics to make "Shift Lock”,  Democassette(XX43W) £1.99. scene” 
“Function” and "Graphics 2” single key selections. 
* Powered (with adaptor supplied) from ZX81’s own 
standard power supply. 
Full details in Project Book 3 (XAO3D) Price 60p. 
Complete kit (excl. case) £19.95, Order As LW72P. 


25W STEREO MOSFET AMPLIFIER 
Case £4.95. Order As XG17T. 


Ready built-in case £29.95. Order As XG22Y. 


OTHER KITS FOR ZX81 


3-Channel Sounds Generator (Details in Book 5). 
Order As LW96E. Price £10.95. 
2X81 Sound On Your TV Set (Details in Book 6). 
Order As LKO2C. Price £19.95. 
2X81 1/O Port gives two bi-directional 8-bit ports 
(Details in Book 4). 
Order As LW76H. Price £9.25. 
2X81 Extendiboard will accept 16K RAM and 3 other 
plug-in modules. 

PCB: Order As GBO8J. Price £2,32 

Edge Connectors (4 needed): 

Order As RK35Q. Price £2.39. 


HOME SECURITY SYSTEM 


Six independent channels - 2 
or 4 wire operation. External 
horn. High degree of protec- 
tion and long term reliability. 
Full details in Projects Book 2. 

(XAO2C) Price 60p 


* Over 26W/channel into 8Qat 1kHz both channels driven 

* Frequency response 20Hz to 40kHz + 1dB. 

* Low distortion, low noise and high reliability power 
MOSFET output stage. 

* Extremely easy to build. Almost everything fits on main 
pcb, cutting interwiring to just 7 wires (plus toroidal 
transformer and mains lead terminations). 

* Complete kit contains everything you need including 
pre-drilled and printed chassis and wooden cabinet. 

Full details in Projects Book 3. Price 60p (XAO3D). 

Complete kit only £49.95 incl. VAT and carriage (LW71N). 


BUY IT WITH MAPCARD 


Send now for an 
application form — then 
buy it with MAPCARD. 
MAPCARD gives you 
real spending power — 
up to 24 times your 
monthly payments, 
instantly. Se 


Expy Oate NOV 79, 


al 


WHY DO YOU 
KEEP LOOKING AT 
ME LIKE THAT 


All prices include VAT & carriage. Please add 50p handling charge to orders under £6 total value. 


YOUR 


? 
- FILES ARE 


MAPLIN’S FANTASTIC PROJECTS 


Full details in our project books. Issues 1 to 5: 6Op each. 
Issue 6: 7Op. 
In Book 1 (XAQ1B) 120W rms MOSFET Combo- 
Amplifier @ Universal Timer with 18 program times and 
4 outputs @ Temperature Gauge @ Six Vero Projects. 
In Book 2 (XAO2C) Home Security System @ Train 
Controller for 14 trains on one circuit @ Stopwatch with 
multiple modes @ Miles-per-Gallon Meter. 
In Book 3 (XAO3D) 2X81 Keyboard with electronics @ 
Stereo 25W MOSFET Amplifier @ Doppler Radar Intruder 
Detector ® Remote Control for Train Controller. 
In Book 4 (XAO4E) Telephone Exchange for 16 exten- 
sions @ Frequency Counter 10Hz to 6(0OMHz @ Ultrasonic 
Intruder Detector @ I/O Port for ZX81 @ Car Burglar 
Alarm @ Remote Control for 25W Stereo Amp. 
In Book 5 (XAOSF) Modem to European standard @ 
100W 240V AC Inverter @ Sounds Generator for 2X81 
@ Central Heating Controller @ Panic Button for Home 
Security System @ Model Train Projects @ Timer for 
External Sounder. 


In Book 6 (XAO6G)* Speech Synthesiser for ZX81 & 
VIC20 @ Module to Bridge two of our MOSFET Amps to 
make a 350W Amp @ ZX81 Sound on your TV @ 2X81 
Interface for Modem @ Scratch Filter @ Doorbell for Deaf 
@ Simple FM Tuner* @ Damp Meter* 


“Projects for Book 6 were in an advanced state at the time 
of writing, but contents may change prior to publication 
(due 11th February 1983). 


MAPLIN’S NEW 1983 CATALOGUE 


Over 390 pages packed 
with data and pictures 
and all completely 
revised and including 


over 1000 new items. a 
On sale in all branches slat 

of WHSMITH WAL LOMAS 
Price £1.25. ~ r 


oe : 


Peo ge 


| Post this coupon now! 
Please send me a copy of your 1983 catalogue. | enclose £1.50 (inc p&p). 
If |am not completely satisfied | may return the catalogue to you and have 
my money refunded. If you live outside the U.K. send £1.90 or 10 International 
Reply Coupons. 


Name 


Address Shove iat 


I 
| 
| 
I 
Su ccspeuk agin tsag ements ae ene 


NI@PLIN ~ 


MAPLIN ELECTRONIC SUPPLIES LTD. 


P.O. Box 3, Rayleigh, Essex SS6 8LR 
Telephone: Sales (0702) 552911 General (0702) 554155 


Note: Shops closed Mondays 


159 King St., Hammersmith, London W6. Telephone: 01-748 0926 
284 London Rd., Westcliff-on-Sea, Essex. Telephone: (0702) 554000 
Lynton Square, Perry Barr, Birmingham. Telephone: (021) 356 7292 


